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IMPERIAL IRRIGATION DISTRICT
INTER-OFFICE MEMORANDUM
TO Water Conservation ) DATE August 9, 1990
Advisory Board
COPIES TO FROM Secretary, WCAB
perarTMENT WAtET
AT Imperial
suaJECT Percent of Tailwater
by Crop

The following is a table, by crop, of the average delivery,
tailwater, and percent tailwater that were measured during the
course of the District's Irrigation Scheduling Progranm.

Average Average Average Hurber
bel. T.M. TM. of

(AF) (AF) (%) Records
i. Alfalfa (FC) 35.3 4.8 3 4259
2. Row Alfalfa (RC) 41.6 8.7 21 829
3. Suger Beets (R5) 36,1 7.6 21 659
4, Cotton (RC) 34.1 5.3 18 615
5. heat (FC) 36.1 5.2 1% 470
"6. Bermuda Grass (FC) 33.0 5.2 16 280
7. Sudan Grass (FC).  40.8 6.1 15 154
8. Onions (RC) 24.6 7.0 28 92
9. Flat Flood 77.6 4.9 6 73
10. HMetons 24.8 4.2 17 4B
TOTALS 8.5 6.0 15.6 7489
Flat Lrops (FC) 36.6 5.3 14.5 5163
Row Crops (RC) 34.1 7.4 21.7 2205

Some of the immediate guestions that come to mind are:

- Were their predominately good (or bad) users in the
program?
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~ Are some of the smaller sets statistically significant?

-~ What was the true accuracy of our measurement structures?
These numbers are not statistically "weighted" +o reflect the
actual crop percentages that exist in the District. However,
my overall feeling is that these are as good as numbers as the

district has at the present time, and that we can use them with a
relatively high degree of confidence.

T R

TIM F. O'HALLORAN

a:TIM:\'TWz2

TFC:djb
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WIS Data Available - '

teers
WL

RTU's + PLC's Site Name Rep Name Site Code FromDate  To Date
AAC Allison Check ALLIA 97AAC__ALLC 03/06/1997  04/30/2003
AAC Drop 1 Check AVM DR1AA 97AAC__ D1V 01/16/1997  04/30/2003
AAC New River Siphon AVM NRCHA 97AAC___NRLV 03/06/1997  04/30/2003
AAC dfs Central Main Check CMCHA 97AAC___CM_C 02/25/1997  04/30/2003
AAC d/s East Highline Check AVIM EHCKA 97AAC__EHLCV 02/2511997  04/30/2003
AAC to New River Spillway NRSPA 97AAC__NR_S 0713111997  04/30/2003
Acacia Canal Heading BCW ACIAA 97ACA____H 04/21/1997  04/30/2003
Alamo River Drop 3 ARD3 19AR____ D3AR 05/09/1996  04/30/2003
Alama River In ALIN 97AR_____USMW 0111411997  04/30/2003
Alamo River Qut AVM ALOU 97AR____SS V 01/115/1997  04/30/2003
Alder Canal Heading BCW ALDEA 97ALD _ H 04/21/1997 04/30/2003
B Drain BSPLD 178044 D 09/08/1994 101701985
B Lateral Interface BIFGA 17B_____032 ) 01/31/1986  04/30/2003
B Lateral Spill BSPLA 17B____ 044 S 12/19/1993  04/30/2003
Bevins Reservoir Discharge CBRESA  03BEVRES_R 01/01/1996  04/30/2003
Briar Discharge to Central Main Canal BRISA 97BRI__007_l 03/06/1997  04/30/2003
C Drain CSPLD 17C_____ 031D 06/01/1994  10/04/4985
C Lateral Interface CIFGA 17C_____ 0311 01/31/1996  04/30/2003
C Lateral Spill CSPLA 17C_____031.8 12/19/1993  04/30/2003
Carter Reservoir Discharge to WSM AVM CARO 97CARRES___V 05/01/1997  04/30/2003
Central Main Emergency (Dahlia) Spil DHSP 97CM__ELDH_S 08/06/1997  04/30/2003
Central Main Heading at Briar Siphon CMTOA 97CM__AAC_H 03/06/1997  04/30/2003
Central Main IG to Fudge Reservoir FUDI 97CM___ FUB | 12/01/2001 12/1712001
Coachella Canal Heading COAC 97COA______H 01/16/1997  04/30/2003
Coachella Heading Flume COAH 97COA__AAC_F 05/12/1998  04/30/2003
D Drain DDRN 170 D (05/03/1994 10171995
D Lateral Interface DIFGA 1700311 01/31/1996  04/30/2003
D Lateral Spill DSPLA 17D_____03t.S 12/19/1993  04/30/2003
Daffodil Canal Heading BCW DAFF 19DAF H 08/08/1996  04/30/2003
Daffodil Canal Spill DAFFS 19DAF__ 020_8 08/08/1996  04/30/2003
E Drain EDRN 17E D 05/03/1994  10/17/1995

Date Printed: 05/19/2003

Prepared by: WIS/ID



WIS Data Available

RTU's + PLC's Site Name Rep Name Site Code FromDate  ToDate
EHL Canal d/s Nectarine Check NECTA 97EHL___NEC C 08/14/1997  04/30/2003
East Highline Canal Drop 16 HL16 19EHL___ 016_W 05/29/1986  04/30/2003
East Highline Canal Spill to Z Spill ZSPLA 0AGALRES_EHLS 01/23/1895  04/30/2003
East Highline Heading AVM EHTOA 97EHL___ AAC_H 08/11/1997  04/30/2003
East Highline IG o Galleano Reservoir GALI 97EHL___ GAL_} 06/02/1997  04/30/2003
East Highline IG to Singh Reservoir SINI 97EHL___ SIN_| 06/03/1997  04/30/2003
East Highline Side Main Heading BCW EHSMA 97HLS H 04/2411997  04/30/2003
Ebony Canal Heading BCW EBOY 19EBO______H 08/08/1996  04/30/2003
Ebony Canal Spifl EBOYS 19EBO_. 0148 08/08/1996  04/30/2003
Elder Canal Heading BCW ELDH 19ELD____H 03/15/1996  04/30/2003
Elder Canal Spill ELDCA 19ELD___ 129 S 01/01/1997  04/30/2003
Elder Lateral 13 Spil EL13S 19ELD13_099_8S 01/01/1997  04/30/2003
Elm Canal Spilt ELMSA 19ELM___054_8 01/011997  04/30/2003
Elm Lateral 3 Spill ELM3S 19ELM3__029_3 01/28/1997  04/30/2003
Eucalyptus Canal Heading BCW EUCH 97eUC___CM_H 08/07/1997  04/30/2003
Fillaree Canal Spill 104 19FIL___030_8 10/05/1998  04/30/2003
Galleano Reservoir Discharge to EHL GALO 97GALRESEHL_R 06/02/1997  04/30/2003
Hemlock Canal Heading HEM O7HEM____ 01/23/2003  04/30/2003
Hemlock Lateral Heading BCW HEMH 97HEM_______H 01/22/2003  04/30/2003
Holt Canal Heading HOLT g/HOL___ H 01/23/2003  04/30/2003
Holtville Drain 1 to Holtville Main Dr HVHMD 03HV1__ 018D 05/22/1993 071211985
Malva Drain MLV2D 1TimML2__ D 04/30/11994  10A7N995
Malva Lateral 2 Interface MLV2IA 17ML2___019_) 01/3111996  04/30/2003
Malva Lateral 2 Spill MLV2A 17ML2___ 020 S 12/19/1993  04/30/2003
Marigold Drain MG26ADRN 17MAR__ 026 D 05/28/1994  04/30/2003
Marigold Lateral Interface MARIA 17MAR___ 023} 01/31/1996  04/30/2003
Marigold Lateral Spill at Delivery 24 MG24A 17MAR___024_S 12/19/1993  04/30/2003
Marigold Lateral Spill at Delivery 26 MG26A 17MAR__026_S 12/21/1993  04/30/2003
Mayflower Drain MFLWADRN 17MAY__ 022 D 06/02/1994  04/30/2003
Mayflower Lateral Heading BCW MFLHA 17TMAY H 04/16/1994  04/30/2003
Mayflower Lateral Interface MAYIA 17TMAY___020Al 01/31/1996  04/30/2003

Date Printed: 053/19/2003

Prepared by: WIS/IID



WIS Data Available

RTU's + PLC's Site Name Rep Name Site Code FromDate  ToDate
Mayflower Lateral Spill MFLWA 17MAY__ 022 S 12/19/1993  04/30/2003
Mul-D Interceptor North SCW d/s B Lat IG MDIW3A 17MDI__BIG_W 05/09/1996  04/30/2003
Mul-D Interceptor South BCW d/s Nut IG MDIW2A {7MDI_NUTIG_W 01/31/1996  04/30/2003
Mul-D Interceptor South BCW d/s Std IG MDIW1A {7MDI_STDIG_W 02/12/1996  01/06/1987
Mulberry Drain MULSD 17MUL___022_D 06/25/1994 10171995
Mulberry Lateral Heading BCW MULHA 1T7MUL_____H 07/07/1993  04/30/2003
Mulberry Lateral interface MULIA 17MUL___020_) 01/31/1996  04/30/2003
Mulberry Lateral Spill MULSA 17MUL___022_S 07/0711993  04/30/2003
Munyon Lateral Spill 112 19MUN___028_S 09/15/1998  04/30/2003
Myrtle Lateral Heading BOW MYRH 18MYR___EHL_H 05/26/1999  04/30/2003
Myrtle Lateral Spill 111 19MYR___028_S 09/15/1998  04/30/2003
Narcissus Drain NARSADRN 17NAR___023_D 06/10/1994  04/30/2003
Narcissus Lateral interface NARIA 17NAR___ 018 | 0113111996  04/30/2003
Narcissus Lateral Spill NARSA 17NAR__023_S 07/0711993  04/30/2003
Narcisuss Lateral Heading BCW NARHA f7TNAR_____ H 07/07/1993  03113/1994
Nectarine Drain NECDA fT7NEC__ D 04/30/1994 101711985
Nettle Drain NTTLD 17NET__018.D 07/21/11994  10MTA985
Nettie Lateral Interface NETIA 17NET___016Al 01/31/1996  04/30/2003
Nettle Lateral Spill NTTLA 17NET___019_S 121191993 04/30/2003
New River In NRIN 97NR____USMG 01/15/1997  04/30/2003
New River Qut NROU 97NR____S8S G 01/15/4997  04/30/2003
Niland Extension Heading BCW NDXH fONDX_____H 02/20/1996  04/30/2003
Nutmeg Drain NUTDA 1TINUT D 04/30/1994  10M71885
Nuimeg Lateral Interface NUTIA 17NUT_017Al 01/31/1996  04/30/2003
Oasis Drain to Alamo River QASSD 030AS__ 034 D 12/17/1983  07M21995
Qasis Drain o Holtville Drain 8 OAHS8D 030AS__ 024AD 05/14/1993 071211885
Qasis Drain o Holtville Main Drain OAHMD 030AS__ 020D 0B/08/1993  07TM2M985
Qasis Lateral Interface OASIA 030AS___034_| 06/11/1993  04/30/2003
Qasis Lateral Spill OASSA 030AS__034_S 01/22/1993  04/30/2003
Oat Drain to Alamo River OATSD 030AT___ 031D 12/16/1993  07M2/1995
Oat Drain to Holtville Drain 8 OTH8D 030AT__ 023D 05/14/1993 071201905

Date Printed: 05/19/2003

Prepared by: WIS/IID



WIS Data Available

RTU's + PLC's Site Name RepName Site Code From Date To Date
Oat Drain fo Holtville Main Drain OTHMD 030AT__ 020D 05/14/1993  07M21985
Oat Lateral interface OATIA 030AT___031_} 06/111993  04/30/2003
Qat Lateral Spill OATSA 030AT__031_8 01/2211993  04/30/2003
COlive Lateral Spill 110 190LI__029 8 09/15/1998  04/30/2003
Orange Lateral Heading BCW ORNGA 150RA______H 071911994  04/30/2003
Orange Lateral Spill ORASA 150RA__035_S 10/31/1994  04/30/2003
Orchid Lateral Spill 109 180RC___044 S 12/04/2000  04/30/2003
Orient Drain to Alamo River ORARD 030RI_031_D 05/18/1993  07M21985
Orient Drain to Holtville Main Drain ORHMD 030RI_020 D 05/14/1993  07TH211995
Orient Lateral Spill ORSPA 030RI_031_S 05/18/1993 071211995
Palm Drain fo Alamo River PLMSD 03PLM___036 D 12/17/1993 071211995
Palm Lateral Interface PLMIA 03PLM__ 036_| 06/11/1993  04/30/2003
Palm Lateral Spill PLMSA 03PLM___036_S 01/22/1993  04/30/2003
Pepper Drain to Alamo River PEPDD 03PEP__ 036_D 03/19/1984  07M2/1985
Pepper Drain to Holtville Main Drain PEHMD 03PEP___ 020D 05/22/1993  07TM21995
Pepper Lateral Check 36 (Interceptor) PEPCA 03PEP___036_C 03/19/1994  04/30/2003
Pepper Lateral Interface PEPIA 03PEP___033_| 05/11/1993  04/30/2003
Pepper Lateral Spill PEPSA 03PEP___033_S 01/22/1893  04/30/2003
Pine Drain to Alamo River PINSD 03PIN___033_D 06/08/1993  07THM2H895
Pine Drain to Holtville Drain 4 PNH4D 03PIN__020.D 05/14/1993  07112f1995
Pine Drain to Holtville Drain 8 PNH8D 03PIN__023 D 05/14/1993 07121995
Pine Drain to Holtville Main Drain PNHMD 03PIN__00B_D 05/22/1993  07N21995
Pine Lateral Interface PINIA 03PIN__033_] 06/11/11893  04/30/2003
Pine Lateral Spill PINSA 03PIN___033_8 01/30/1993  04/30/2003
Plum Lateral Interface PLUIA 03PLU___036_| 06/11/1993  04/30/2003
Plum Lateral Spill PLUSA 03PLU___036_8 01/22/1993  04/30/2003
Plum-Oasis Interceptor BCW at Bevins R POIWA 03BEVRES_POIW 08/26/1994  04/30/2003
Plum-Oasis Interceptor Spill POSPA 03POL_____ 8 04/02/1993  04/30/2003
Pomelo 1 Spill at Delivery 35 POMSA 03POM__035_S 01/22/1993  04/30/2003
Pomelo 2 Spill at Delivery 39 PO39A 03POM___039_5 01/22/1993  04/30/2003
Pomelo Drain to Alamo River PO39D 03POM___039 D (6/08/1993  07TM21985

Date Printed: 05/19/2003

Prepared by: WIS/IID



WIS Data Available

RTU's + PLC's Site Name Rep Name Site Code FromDate  ToDate
Pomelo Drain to Holtvilie Main Drain POHMD 03POM__018.D 05/14/1993 071121985
Pomelo Lateral Interface POMIA 03POM___035_ 06/11/1993  04/30/2003
R Lateral Spill 136 19R____ 024 8 12/01/2000  04/30/2003
Redwood Canal Heading BCW REDHA 03RED__ H 03/110/1995  04/30/2003
Redwood Canal Spilt REDSA 03RED___096_S 07/06/1995  04/30/2003
Redwood Lateral 5 Spill RED5S 19REDS__076_S 03/1211997  04/30/2003
Redwood Lateral 8 Spill REDBS 19RED8__088_S 01/30/1997  04/30/2003
Rockwood Discharge to Vail Supply Canal RWSP 17TRW____173Al 04/11/11996  04/30/2003
Rose Canal Heading BCW ROSEA 97ROS_____ H 04/21/1897  04/30/2003
Rositas Canal IG to Sperber Reservoir SPEI 97RST___SPE_| 06/01/1997  04/30/2003
Rositas Canal Spill ROSPA 97RST__005_8 05/02/11997  04/30/2003
Rositas Supply Canal Heading BCW RSTH 19RST H 03/15/1986  04/30/2003
Rubber Heading BCW RBBRA 97RUB______H 04/21/1997  04/30/2003
Russell Reservoir Discharge AVM RUSR 17RUSRES___R 04/11/1997  04/30/2003
Singh Reservoir Discharge fo EHL Canal SPMP 09SINRES_EHLR 01/2771999  04/30/2003
Singh Reservoir Discharge to Vail Supply SINO 97SINRESVS_R 05/29/1897  04/30/2003
South Alamo Canal Heading SOAH 97SOA__AAC_H 08/14/1997  04/30/2003
Sperher Reservoir Discharge fo Rose C SPEOM 97SPERESROS_R 05/01/1997  04/30/2003
Sperber Reservolr Discharge fo Rubber C SPEQ2 97SPERESRUB_R 05/01/1997  04/30/2003
Spruce Canal Interface SPUI pgsPU___032_| 12/04/1997  04/3072003
Spruce Canal Spill SPSPA 08SP____036AS 01/241995  04/30/2003
Spruce Lateral 5 Spill SP5SA 08SP5___087BS 01/18/1895  04/30/2003
Spruce Lateral 6 Interface SP6l 08SP6___100_} 12/19/1997  04/30/2003
Spruce Lateral 6 Spill SPBSA 08SP6___100AS 01/18/1995  04/30/2003
Standard Drain STDDA 1787TD______ D 05/04/1994  04/30/2003
Standard Lateral Heading SCW STDHA 178TD H 07/07/1993  04/30/2003
Standard Lateral Interface STDIA 17STD___018_| 0113111996  04/30/2003
Standard Lateral Spill STDSA 178TD__019.S 07/0711993  04/30/2003
Tamarack Lateral Interface TMKI 0BTAM__ 224 | 12/22/1997  04/30/2003
Timothy Lateral Interface TIMI 08TIM___ 212 1 01/20/1998  04/30/2003
Township Drain to Alamo River TOWSD 03TOW__030_D 06/08/1993 07201985

Date Printed: 05/19/2003

Prepared by: WIS/HD



WIS Data Available

RTU's + PLC's Site Name Rep Name Site Code FromDate  ToDate
Township Drain to Holtville Drain 8 TWH8D 03TOW__ 023_D 06/07/1993  07H2/985
Township Drain o Holtville Main Drain TWHMD (3TOW__020_D 05/22/1993 0712118935
Township Lateral Interface TOWIA 03TOW___030_I 06/11/1993  04/30/2003
Township Lateral Spil TOWSA 03TOW___030_S 02/05/1993  04/30/2003
Trifolium Interceptor BCW at Willey Res TRIW 08TRI__RES_W 12/22/11997  04/30/2003
Trifolium Interceptor Spill TRSP 08TRI__RES_S 1212211997  04/30/2003
Trifolium Lateral 10 Interface TR10I 08T10___200_J 12/22/1997  04/30/2003
Trifolium Lateral 11 Interface TR11I 08T11__220_| 01/01/1998  04/30/2003
Trifolium Lateral 11 Spill T11SA 08711___220ES 02/08/1995  04/30/2003
Trifolium Lateral 12 Heading BCW T12HA 15712 H 06/13/1994  04/30/2003
Trifolium Lateral 12 Interface TR12I 08T12__ 232 | 01/20/11998  04/30/2003
Trifolium Lateral 12 Spill 7128 16712___237_S 03/01/1996  04/30/2003
Trifolium Lateral 12 Spili (94/95) T128A 15T12___238_S 03/04/1994  09M7H935
Trifolium Lateral 13 Heading BCW LT13A 15713 H 02/01/1994  04/30/2003
Trifolium Lateral 13 Spill T13SA 15T13___ 2598 03/04/1994  04/30/2003
Trifolium Lateral 2 Interface TRO2I 0872____036_| 01/13/1988  04/30/2003
Trifolium Lateral 2 Spill TO28 08T2__ 036_S 0111711896  04/30/2003
Trifolium Lateral 2 Spill (1995) T0O2SA 08T2__ 038_S 01/18/1995  01116/1906
Trifolium Lateral 3 Iinterface TRO3I 0873___055_1 122211997  04/30/2003
Trifofium Lateral 4 Interface TRO4 08T4___ 079 122211997  04/30/2003
Trifolium Lateral 4 Spill TO4SA 0874__ 0795 01/18/1995  04/30/2003
Trifolium Lateral 5 Interface TROSI 08T5_____098AI 12/22/1997  04/30/2003
Trifolium Lateral 6 Interface TRO6I 08T6___118_| 04/09/1998  04/30/2003
Trifolium Lateral 7 Interface TRO7I 08T7____137_) 1212211997 04/30/2003
Trifolium Lateral 7 Spill TO7SA 15T7____140AS 01/15/1994  04/30/2003
Trifolium Lateral 8 Heading BCW TOBHA 1578 H 07/13/1994  04/30/2003
Trifolium Lateral 8 Interface TROS8I 08T8___ 155_| 12/22/1997  04/30/2003
Trifolium Lateral 8 Spill TOBSA 1578__ 160_S 10/31/1994  04/30/2003
Trifolium Lateral 9 Heading BCW TO9HA 1579 H 05/13/1994  04/30/2003
Trifolium Lateral 9 Interface TROS 08T9____180F! 01/01/1998  04/30/2003
Trifolium Lateral 9 Spill TO9SA 15T9___ 180ES 03/03/1994  04[2411997

Date Printed: 05/16/2003

Prepared by: WISAID



WIS Data Available

RTU's + PLC's Site Name Rep Name Site Code FromDate  To Date
Vail Canal Heading VMHA 97VM____ VS H 08/11/11997  04/30/2003
Vail Canal |G to Willey Reservoir Vil 0BVM____701_I 12/2211997  04/30/2003
Vail Canal Spill VMSPA 17VM___701_8S 12/19/1993  04/30/2003
Vail Lateral 4 1G to Kale's Lake VLAT4 a7v4___ 409 | 09/28/2000  0415/2003
Vail Lateral 6 Spill 154 19v6___ 6128 10/21/1998  04/30/2003
Vail Supply Canal Drop 41 VS41 17VSs___ DM _W 05/09/1996  04/30/2003
Vail Supply Canal Heading Drop 0 VSOH 97vS____000_H 10/03/1997  04/30/2003
Vail Supply Canal Heading Drop 2 VS2H 1OVS__ 002 H 03/13/1996  04/30/2003
Vail Supply Canal IG fo Russell Res RUSI 17VS__RUSRES] 03/113/1997  04/30/2003
Vail Supply Canal iG fo Young Reservoir MDRI 17VS___040Al 05/07/1996  04/30/2003
Vail Supply Canal Spill at North End Dam VNEDA 17VM___NED_S 07/02/1994  04/30/2003
Walnut Lateral Heading WNUT 97WAL H 01/23/2003  02/10/2003
Westside Main Canal Heading at Weir 1 WEMH 97TWSM__AAC_H 08/11/1997  04/30/2003
Westside Main Canal Sp to Trif Storm Dr WSMSA 01WSM__100_S 07/06/1995  04/30/2003
Westside Main Dixie 6 Spill DX0BA 97WSM____DIX6S 08/06/1987  04/30/2003
Westside Main Dixie Spill DXSP g7TWSM___DIX_S 02/01/2001  04/30/2003
Westside Main G to Carter Reservoir CARI 97WSM___CAR | 05/0111997  04/30/2003
Willey Reservoir Discharge TRES 08TRIRES__R 02/17/1998  04/30/2003
Wisteria Canal Heading WIST g7wsT______H 01/23/2003  04/30/2003
Woodbine Heading WBIN 97WB H 11/05/2002  04/30/2003
Woodbine Lateral 2 Heading WBL2 97WB2 H 11/06/2002  04/30/2003
Woodbine Lateral 3 Heading WBL3 97TWB3_____H 11/06/2002  04/30/2003
Wormwood Canal Heading WWQOD g7TWW H 01/23/2003  04/30/2003
Wormwood Canal Spill 183 foww_____088_S 01/24/2001  04/30/2003
Wormwood Lateral Heading BCW WWODH  97WW H 01/22/2003  04/30/2003
Young Reservoir Discharge MUDR {7MDRES___R - 05/09/1996  04/30/2003

Date Printed: (5/19/2003

Prepared by: WIS/OD
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Easylogger Site Name

Everything starting 01/01/96 was always a logger. All else

WIS Data Available

conrec it

was Stevens Recorder data and is hydrographer daily values. Rep Name Site Code From Date To Date
AAC Drain 1 Drop 3 101 98AAC1AACD3 D 01/01/19%6  11/30/2000
Alamo River Drop 9 166 98AR___ DI W 01/01/1996  03/31/2003
Ash Lateral 30 Spill 102 9BASH30_212_8 01/01/1996  08/31/2003
Ash Lateral 45 Spill 170 OBASH45_191AS 01/01/1988  03/31/2003
Ash Lateral 6 Spilt 171 9BASH6__045BS 01/01/1988 033112003
Central Drain Drop 2 158 98CD___CDDZ_D 01/01/1996  03/31/2003
Daffodil Canal Spill (Logger) 172 98DAF___020_S 01/01/1988  08/07/1996
Dahlia Lateral Spill 105 98DAH___080_S 01/01/1896  03/31/2003
Dogwood Lateral 10 173 98D0G10_085AS 01/01/1988 0313172003
Dogwood Lateral 6 184 98DOGE__070_S 12/29/1999 123112000
E Lateral Spill 130 O8E__ 0628 01/01/1988  03/31/2003
East Highline Lateral 10 Spill 174 98L10___260_S 01/01/1988  03/31/2003
East Highline Lateral 14 Spili 175 98L14___309.S 01/01/1988  03/31/2003
Elder Canal Spill ELDCA 19ELD__ 129 S 01/0111982 12311986
Elder Lateral 13 Spill EL13S 19ELD13_099_S 07/01/1985  1231/1996
Elm Canal Spilt ELMSA 19ELM__ 054 S 01/04/1982 1213111996
Elmore Lake 129 99EMRLK_SFW_S 01/01/1996  04/30/2003
Eucalyptus Lateral 10 Spill 108 98EUC10_102_S 01/01/1988  (03/31/2003
Eucalyptus Lateral Spilt 107 98EUC___155_S 01/01/1986  03/31/2003
Fig Drain 164 98FIG__NEWR_D 01/01/1996  03/31/2003
Fillaree Canal Spill 104 19FIL___030_S 01/01/1983  10/04/1998
Greeson Drain 162 98GRE__NEWR_D 01/01/1986 1213312002
Holt Lateral Spill 178 98HOL___ 128_8 01/01/1988 0373172003
Holtville Main Drain 160 98HOL____AR D 01/01/1996  03/31/2003
Malva Lateral 1 Spill 994 17MLi___005_S 01/01/1988 051011983
Marigold Lateral Spill at Delivery 24 MG24A 17TMAR__024 S 01/01/1988  03/2811993
Moorhead Lateral Spill 179 98MH___210_S 01/01/1988  03/31/2003
Moss Lateral Spill 180 98MOS__ 026_S 01/01/1988  03/31/2003
Munyon Lateral Spili 112 19MUN___ 028 S 02/24/1985 091411988
Myrtle Lateral Heading BCW MYRH 1OMYR__EHL_H 12/13/1991 0512511999
Myrtie Lateral Spill 111 19MYR___028_S - 02/14/1985  09/14/1998

Date Printed: 05/19/2003

Prepared by: WIS/HD
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Nectarine Lat Spill to Vail Supply Ganal 185 97NEC__007_8 02M17/2000  03/31/2003
Niland Drain 1 144 99ND1__ DTS D 01/01/1996  04/30/2003
Niland Drain 2 145 99ND2___DTS D 01/0111996  04/30/2003
Niland Drain 3 145 99ND3__DTS_D 0170171996 04/30/2003
Niland Drain 4 147 99ND4___ DTS D 01/01/1986  04/30/2003
Nitand Drain § 148 99ND5___DTS_D 01/01/1996  04/30/2003
Niland Lateral 2 Spill 899 01/01/1968 123111990
O Drain 131 9%0__ DTS D 01/01/1996  04/30/2003
Oakley Lateral Spill 116 9BOKY___100_S 01/01/1988  03/31/2003
Qasis Lateral Spill OASSA 030AS__034_S 01/01/1988  08/16/1992
Olive Lateral Spill 110 180LI__028_8 (1/05/1983 00141998
Orchid Lateral Spill 109 190RC___044_S 01/05/1983  12/03/2000
P Drain 133 gop_____ DTS D 01/01/1996  04/30/2003
P Lateral Spill 132 goP____ 0318 01/01/1996  04/30/2003
Pomelo 2 Spill at Delivery 39 PO3%A 03POM___039_S 01/01/1988  10/18/1892
Q Drain 135 99Q__ DTS.D 01/01/1996  04/30/2003
Q Lateral Spill 134 99Q___ 0288 01/01/1996  04/30/2003
R Drain 137 99R____DTS D 01/01/1996  04/30/2003
R Lateral Spil 136 OR____ 024 S 01/01/1982  11/30/2000
Redwood Canal Spill REDSA 03RED_096_S 01/01/1982  12/14/1994
Rice 3 Drain 165 98RIC3_NEWR_D 01/01/1996 0313172003
Rice Drain 163 98RIC__NEWR_D 01/01/1996  08/31/2003
Rockwood Weir 113 98RW___CM16_W 01/01/1996  03/3172003
Rose Drain Outlet 156 98ROS___AR_D 011011996  03/31/2003
Rose Lateral Spill - Both Bays 103 98ROS___083_5 01/01/1982 1213111995
Rose Lateral Spill - Left Bay 167 98ROS__ 083yS 09/11/1996  03/31/2003
Rose Lateral Spill - Right Bay 168 98ROS__ 08325 09/11/1996  03/31/2003
S Drain 139 99s_____ DTS D 01/01/1996  04/30/2003
S Lateral Spill 138 985 022 5 07/01/1985  03/31/2003
South Alamo Automatic Spill 181 88SOA___ 043 S 01/01/1996  03/31/2003
South Alamo Spill 182 98SOA__119_8 01/01/1996  03/31/2003
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South Central Drain Outlet 157 9850C__AR D 01/01/1996  03/31/2003
Spruce Lateral 3 Spill 118 985P3__076_S 01/01/1988  03/31/2003
Stanley Lateral 1 Spill 115 988TL1_076_S 01/01/1988  03/31/2003
Sumac Lateral 1 Spill 117 98SUM1_027_5 01/01/1988  03/31/2003
T Drain 140 99T___ DTS D 01/01/1996  04/30/2003
Trifolium 1 Drain 125 99T1__DTS D 01/01/1996  04/30/2003
Trifolium 10 Drain 122 99T10__NEWR D 01/01/1986  04/30/2003
Trifolium 11 Drain 123 99T11_NEWR_D 01/01/1996  04/30/2003
Trifolium 20 Drain 126 99T20___DTS D 01/01/1986  04/30/2003
Trifolium 20A Drain 120 99T20A_DTS. D 01/01/1996  04/30/2003
Trifolium Lateral 5 Spill 121 98T5__ 0985 07/01/1985 021021898
Trifolium Lateral 9 Spill TO9SA 157T9___180ES 07/01/1985 06301997
U Drain 141 gou____ DTS D 01/01/1896  04/30/2003
Vail Lateral 4 Spill 149 98v4___ 422 8 01/01/1088  03/31/2003
Vail Lateral 4A Spill 150 99V4A__ 461_S 01/0111896  04/30/2003
Vail Lateral 6 Spil 154 19V6___612.S 01/01/1982  10/20/1938
Verde Drain Outlet 159 98VRD___AR_D 01/01/1966 0313112003
W+Y Drain 142 awY____DTS D 01/01/1996  04/30/2003
Westside Main Canal Weir 118 98WSM__064_W 01/01/1996  03/31/2003
Wisteria Lateral 6A Spill 998 01/01/1988  05/01/1991
Wormwood Canal Spill 183 1oWw___ 088 8 10/30/1985  01/23/2001
Z Drain 143 99Z___ DTS D 01/01/1996  04/30/2003
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AAC Allison Check ALLIA 97AAC__ALL_C 03/06/1997  04/30/2003
AAC Drop 1 Check AVM DR1AA 97AAC__ D1V 01/16/1997  04/30/2003
AAC New River Siphon AVM NRCHA 97AAC___NRV 03/06/1997  04/30/2003
AAC dfs Central Main Check CMCHA 97AAC___CM_C 02/2511997  04/30/2003
AAC d/s East Highline Check AVM EHCKA 97AAC__ EHLCV 02/25/1997  04/30/2003
AAC to New River Spillway NRSPA 97AAC__NR S 07/31/11997  04/30/2003
Acacia Canal Heading BCW ACIAA 97ACA_____H 04/21/1997  04/30/2003
Alamo River Drop 3 ARD3 19AR______D3AR 05/09/1996  04/30/2003
Alamo River In ALIN 97AR_____USMW 01/14/1897  04/30/2003
Alamo River Qut AVM ALOU 97AR____ SS.V 01/15/1997  04/30/2003
Alder Canal Heading BCW ALDEA 97ALD___ H 04/21/1897  04/30/2003
B Drain BSPLD 17B____044 D 09/08/1994  10/1711995
B Lateral Interface BIFGA 178 032_| 01/31/1986  04/30/2003
B Lateral Spill BSPLA 17B____044 S 12/19/1993  04/30/2003
Bevins Reservoir Discharge CBRESA  03BEVRES___R 01/01/1996  04/30/2003
Briar Discharge to Central Main Canal BRISA 97BRI___007_1 03/06/1997 04/30/2003
C Drain CSPLD 17C____031.D 06/01/1994  10/04/1995
C Lateral Interface CIFGA 17C__ 031} 01/3111996  04/30/2003
C Lateral Spilt CSPLA 17C____031_S 12/19/1993  04/30/2003
Carter Reservoir Discharge o WSM AVM CARO 97CARRES___ V 05/01/1997 04/30/2003
Central Main Emergency (Dahlia} Spili DHSP 97CM___ELDH_S 08/06/1997  04/30/2003
Central Main Heading at Briar Siphon CMTOA 97CM____AAC_H 03/06/1997  04/30/2003
Central Main IG to Fudge Reservoir FUDI 97CM____FUD_J 12/101/2001 1211712001
Coachella Canal Heading COAC 97COA___ H 01/16/1997 04/30/2003
Coachella Heading Flume COAH 97COA__AAC_F 05/12/1998  04/30/2003
D Drain DDRN 17D D 05/03/1994 10171995
D Lateral interface DIFGA 170 031} 01/3111996  04/30/2003
D Lateral Spill DSPLA 170 0318 12/19/1993  04/30/2003
Daffodil Canal Heading BCW DAFF 19DAF____ H 08/08/1996  04/30/2003
Daffodit Canat Spill DAFFS 19DAF___020_S 08/08/1996  04/30/2003
E Drain EDRN 17E D 05/03/1994  10/17/1985
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EHL Canal d/s Nectarine Check NECTA 97EHL__NEC C 08/14/1997  04/30/2003
East Highline Canal Drop 16 HL16 19EHL___016. W (05/29/1996  04/30/2003
East Highline Canal Spill to Z Spi ZSPLA 04GALRES_EHLS 01/23/1995  04/30/2003
East Highline Heading AVM EHTOA 97EHL___AAC_H 08/11/1997  04/30/2003
East Highline |G ta Galleano Reservoir GALI 97EHL__ GAL_I 06/02/1997  04/30/2003
East Highline |G to Singh Reservoir SINI 97EHL___ SIN_| 06/03/1997  04/30/2003
East Highline Side Main Heading BCW EHSMA gtHLS______H 04/24/1997  04/30/2003
Ebony Canal Heading BCW EBOY 19EBO__ H 08/08/1996  04/30/2003
Ebony Canal Spill EBOYS 19EBO___014.S 08/08/1996  04/30/2003
Elder Canal Heading BCW ELDH 19ELD H 03/15/1996  04/30/2003
Elder Canal Spill ELDCA 19ELD_ 129 S 01/01/1997  04/30/2003
Eider Lateral 13 Spill EL13S 19ELD13_099_S 01/01/11997  04/30/2003
Elm Canal Spill ELMSA 19ELM___054_S 01/01/1997  04/30/2003
Eim Lateral 3 Spill ELM3S 19ELM3__029_S 01/28/1997  04/30/2003
Eucalyptus Canal Heading BCW EUCH 97EUC____CM_H 08/07/1987  04/30/2003
Fillaree Canal Spill 104 19FIL___030_S 10/05/1998  04/30/2003
Galleano Reservoir Discharge to EHL GALO 97GALRESEHL_R 06/02/1997  04/30/2003
Hemlock Canal Heading HEM 97HEM______ H 01/23/2003  04/30/2003
Hemlock Lateral Heading BCW HEMH 97HEM______H 01/22/2003  04/30/2003
Holt Canal Heading HOLT g7HOL__ H 01/23/2003  04/30/2003
Holtville Drain 1 fo Holtville Main Dr HVHMD 03HV1__018 D 05/22/1993  07M211995
Malva Drain MLV2D 17ML2 D 04/30/1894 10171985
Malva Lateral 2 Interface MELV2IA 17ML2___ 019} 01/31/1996  04/30/2003
Malva Lateral 2 Spill MLV2A 17ML2__020_S 12/19/1993  04/30/2003
Marigold Drain MG26ADRN 17MAR___026_D 05/28/1984  04/30/2003
Marigold Lateral interface MARIA 17TMAR___023_1 01/31/1996  04/30/2003
Marigold Lateral Spill at Delivery 24 MG24A 17TMAR__ 024 S 12/19/1993  04/30/2003
Marigold Lateral Spill at Delivery 26 MG26A 17TMAR___026_S 12/2171993  04/30/2003
Mayflower Drain MFLWADRN 17MAY___ 022 D 06/02/1994 04/30/2003
Mayfiower Lateral Heading BCW MFLHA 1TTMAY____H 04/16/1994  04/30/2003
Mayflower Lateral Interface MAYIA 17TMAY___020Al 01/3111996  04/30/2003
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Mayflower Lateral Spill MFLWA 17TMAY__ 022 S 12/19/1993  04/30/2003
Mul-D Interceptor North SCW d/s B Lat IG MDIW3A 17MDI__BIG_ W 05/09/1996  04/30/2003
Mul-D Interceptor South BCW d/s Nut IG MDIW2A 17MDI_NUTIG_W 01/31/1996  04/30/2003
Mul-D Interceptor South BCW d/s Std 1G MDIW1A 17MDI_STDIG_W 02/12/1996  01/06/1997
Mulberry Drain MULSD 17MUL__022 D 06/25/1994  10M7/1995
Mulberry Lateral Heading BCW MULHA 1TMUL___ H 07/07/1993  04/30/2003
Mulberry Lateral Interface MULIA 17MUL___020_i 01/31/1996  04/30/2003
Mulberry Lateral Spill MULSA 17MUL___022 S 07/07/1993  04/30/2003
Munyon Lateral Spill 112 19MUN___ 029 S 09/15/1988  04/30/2003
Myrtle Lateral Heading BCW MYRH 1OMYR___EHL _H 05/26/1999  04/30/2003
Myrtle Lateral Spill 11 1OMYR_028_S 09/15/1998  04/30/2003
Narcissus Drain NARSADRN 17NAR___ 023 D 06/10/1994  04/30/2003
Narcissus Lateral Interface NARIA 17NAR___019_] 01/31/1996  04/30/2003
Narcissus Lateral Spill NARSA 17NAR___023_S 07/07/1993  04/30/2003
Narcisuss Lateral Heading BCW NARHA 17NAR__ H 07/07/1993  03/13/1994
Nectarine Drain NECDA 17NEC__ D 04/30/1994  10M711995
Nettle Drain NTTLD 17TNET__019.D 07/21/1994  10MTHY95
Nettle Lateral Interface NETIA 17NET___016Al 01/31/1996  04/30/2003
Nettle Lateral Spil NTTLA {7NET___019.8 12/19/1993  04/3072003
New River In NRIN 97NR__ USMG 01/15/1997  04/30/2003
New River Out NROU 97NR___SS.G 01/15/1997  04/30/2003
Niland Extension Heading BCW NDXH 1ONDX_____ H 02/20/1996  04/30/2003
Nutmeg Drain NUTDA 1T7NUT_____ D 04/30/1994  10/17/1995
Nutmeg Lateral Interface NUTIA 17NUT__017Al 01/31/1996  04/30/2003
Qasis Drain to Alamo River 0ASSD 030AS__034.D 12/17/11993 071211995
Oasis Drain to Holtville Drain 8 OAHBD 030AS___024AD 05/14/1993  07TM2M995
Qasis Drain to Holtville Main Drain QAHMD 030AS__ 020D 06/08/1993  07H21995
Qasis Lateral Interface OASIA 030AS___034_| 06/11/1993  04/30/2003
Oasis Lateral Spil OASSA 030AS___034_S 01/22/1993  04/30/2003
Oat Drain to Alamo River OATSD 030AT ___031.D 12/16/1993  07H2M1985
Oat Drain to Holtville Drain 8 QTH8D 030AT__023.D 05/14/1993  07TH2M985
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Oat Drain fo Holtville Main Drain OTHMD 030AT__ 020D 05/14/1993 071211885
Qat Lateral Interface OATIA 030AT___ 031} 06/11/1993  04/30/2003
Oat Lateral Spill OATSA 030AT__031_8 01/22/1993  04/30/2003
Olive Lateral Spill 110 180L___ 029 S 09/15/1998  04/30/2003
Orange Lateral Heading BCW ORNGA 150RA___H 07/19/1994  04/30/2003
Orange Lateral Spill ORASA 150RA__035_S 10/3111984  04/30/2003
Orchid L.ateral Spill 109 190RC___044 S 12/04/2000  04/30/2003
Orient Drain to Alamo River ORARD Q30RI__031.D 05/18/1993  07/1211995
Orient Drain to Holtville Main Drain ORHMD 030RI__020_D 05/14/1993 071211995
Orient Lateral Spili ORSPA 030Rl__031_S 05/18/1993  0TH2A535
Palm Drain to Alamo River PLMSD 03PLM___036_D 12/17/1993  07H2/1983
Palm Lateral Interface PLMIA 03PLM__ 036_| 06/11/1993  04/30/2003
Palm Lateral Spill PLMSA 03PLM___036_S 01/22/1993  04/30/2003
Pepper Drain to Alamo River PEPDD O03PEP__ 036_D 03/19/1994  07THM21993
Pepper Drain to Holtville Main Drain PEHMD 03PEP__ 020D 06/22/1993  07TN21993
Pepper Lateral Check 36 (Interceptor) PEPCA 03PEP___036_C 03/19/1994  04/30/2003
Pepper Lateral Interface PEPIA 03PEP___033_| 06/11/1993  04/30/2003
Pepper Lateral Spill PEPSA 03PEP___033_S 01/22/1993  (04/30/2003
Pine Drain to Alamo River PINSD 03PIN__ 033D 06/08/1993 07121985
Pine Drain to Holtville Drain 4 PNH4D 03PIN___ 020 D 05/14/1993 071201993
Pine Drain to Holtville Drain 8 PNH8D 03PIN__023 D 05/14/1993  07TN2HI%5
Pine Drain to Holtville Main Drain PNHMD 03PIN__008_D 05/22/1993 071121995
Pine Lateral Interface PINIA O3PIN___033_| 06/11/1993  04/30/2003
Pine Lateral Spill PiINSA 03PIN___033_S 01/30/1993  04/30/2003
Plum Lateral Interface PLUIA 03PLU___036_] 06/11/1993  04/30/2003
Plum Lateral Spill PLUSA 03PLU___036_S 01/22/1993  04/30/2003
Plum-Oasis Interceptor BCW at Bevins R POIWA 03BEVRES_POIW 08/26/1994  04/30/2003
Plum-Oasis Interceptor Spill POSPA 03POIL__ S 04/02/1993  04/30/2003
Pomelo 1 Spill at Delivery 35 POMSA 03POM___035_S 01/22/1993  04/30/2003
Pomelo 2 Spill at Delivery 39 PO3%A 03POM___ 039 8 01/2211993  04/30/2003
Pomelo Drain to Alamo River PO33D 03POM___039_D 06/08/1993 071121995
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Pomelo Drain to Holtville Main Drain POHMD 03POM__018_D 05/14/1983  0712/1895
Pomelo Lateral Interface POMIA 03POM___035_ 06/11/1993  04/30/2003
R Lateral Spill 136 19R__ 024 S 12/01/2000  04/30/2003
Redwood Canal Heading BCW REDHA 03RED_____H 03/10/1995  04/30/2003
Redwood Canal Spill REDSA 03RED___096_S 07/06/1995  04/30/2003
Redwood Lateral 5 Spill REDSS 19RED5__076_S 03/12/1997  04/30/2003
Redwood Lateral 8 Spill RED8S {9RED8__088_S 01/30/1997  04/30/2003
Rockwood Discharge to Vail Supply Canal RWSP 17RW____173Al 04/11/1996  04/30/2003
Rose Canal Heading BCW ROSEA 97ROS____H 04/21/1997  04/30/2003
Rositas Canal IG to Sperber Reservoir SPEI 97RST___SPE_| 05/01/1897  04/30/2003
Rositas Canal Spill ROSPA 97RST___005_S 05/02/1997  04/30/2003
Rositas Supply Canal Heading BCW RSTH 19RST H 03/15/1996  04/30/2003
Rubber Heading BCW RBBRA g7RUB______H 04/2111997  04/30/2003
Russell Reservoir Discharge AVM RUSR 17RUSRES___R 04/11/1997  04/30/2003
Singh Reservoir Discharge to EHL Canal SPMP 09SINRES_EHLR 01/27/1999  04/30/2003
Singh Reservoir Discharge fo Vail Supply SINO 97SINRESVS_R 05/29/1997  04/30/2003
South Alamo Canal Heading SOAH 97S0A___AAC_H 08/14/1997  04/30/2003
Sperber Reservoir Discharge to Rose C SPEO1 97SPERESROS_R 05/01/1997  04/30/2003
Sperber Reservoir Discharge o Rubber C SPEO2 97SPERESRUB_R 05/01/1997  04/30/2003
Spruce Canal Interface SPUI 08SPU___032_| 12/04/1997  04/30/2003
Spruce Canal Spill SPSPA 08SP___036AS 01/24/1995  04/30/2003
Spruce Lateral 5 Spill SP5SA 08SP5___0878S 01/18/1995  04/30/2003
Spruce Lateral 6 Interface SP6l 08SP6__ 100_| 12/19/1997  04/30/2003
Spruce Lateral 6 Spill SPGSA 08SP6___100AS 01/18/1995  04/30/2003
Standard Drain STDDA 178TD____ D 05/04/1994  04/30/2003
Standard Lateral Heading SCW STDHA 178TD______H 07/07/1993  04/30/2003
Standard Lateral interface STDIA 17STD___018_1 01/31/1996  04/30/2003
Standard Lateral Spill STDSA 17STD__019_S 07/07/1993  04/30/2003
Tamarack Lateral Interface TMKI 08TAM___ 224 | 1212211997  04/30/2003
Timothy Lateral Interface TIM! 08TIM___212_ 01/20/1998  04/30/2003
Township Drain to Alamo River TOWSD 03TOW___ 030D 06/08/1993  07M2/1995
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Township Drain to Holtville Drain 8 TWHSED 03TOW__ 023 D 06/07/1993 0711211985
Township Drain fo Holtville Main Drain TWHMD 03TOW__ 020 D 06/22/1993 0711211995
Township Lateral Interface TOWIA 03TOW___030_! 06/11/1983  04/3(42003
Township Lateral Spill TOWSA 03TOW__030_8 02/05/1993  04/30/2003
Trifolium Interceptor BCW at Willey Res TRIW 08TRI__RES_W 122211997  04/30/2003
Trifolium Interceptor Spill TRSP 08TRI__RES_S 1212211997  04/30/2003
Trifolium Lateral 10 Interface TR10I 08T10___200_! 122211997  04/30/2003
Trifolium Lateral 11 Interface TR 08T11___220_1 01/01/1998  04/30/2003
Trifolium Lateral 11 Spill T118A 08T11___220ES 02/08/1985  04/30/2003
Trifolium Lateral 12 Heading BCW T12HA 15T12_______H 05/13/1994  04/30/2003
Trifolium Lateral 12 Interface TR12I 08712___232_| 01/20/1998  04/30/2003
Trifolium Lateral 12 Spill T128 16T12__237 S 03/01/1986  04/30/2003
Trifolium Lateral 12 Spill (94/95) T12SA 15T12___238 S 03/04/1994  09M7/1895
Trifolium Lateral 13 Heading BCW LT13A 15T13_______H 02/01/1994  04/30/2003
Trifolium Lateral 13 Spill T13SA 16T13__269 S 03/04/19%4  04/30/2003
Trifolium Lateral 2 Interface TRO2I 08T2___ (036_| 01/13/1998  04/30/2003
Trifolium Lateral 2 Spill T02S 087T2___036_S 01/17/1986  04/30/2003
Trifolium Lateral 2 Spili (1995} TO2SA 0872___038_S 01/18/1995 011161396
Trifolium Lateral 3 Interface TRO3 08T3____ 055_| 1212211997 0413072003
Trifolium Lateral 4 Interface TRO4I 0874____079_l 12/2211997  04/30/2003
Trifolium Lateral 4 Spill TO4SA 08T4__ 079.S 01/18M1885  04/30/2003
Trifolium Lateral 5 interface TRO5 08T5___ 098AI 12/22/1997  04/30/2003
Trifolium Lateral 6 Interface TRO6I 0876____118_| 04/09/1998  04/30/2003
Trifolium Lateral 7 Interface TRO7I 0817___ 1371 12/22/1997  04/30/2003
Trifolium Lateral 7 Spill TO7SA 15T7_____140AS8 01/15/1994  04/30/2003
Trifolium Lateral 8 Heading BCW TOBHA 1578 H 07/13/1994  04/30/2003
Trifolium Lateral 8 Interface TRO8I 08T8____155_1 12/22/1997  04/30/2003
Trifolium Lateral 8 Spill TO8SA 1578 160_S 10/31/1994  04/30/2003
Trifolium Lateral 9 Heading BCW TO9HA 15T9 H 05/13/1994  04/30/2003
Trifolium Lateral 9 Interface TRO9I 08T9__ 180F! 01/01/1998  04/30/2003
Trifolium Lateral 9 Spifl TO9SA 15T9___ 180ES 03/03/1994 0412411897
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Vail Canal Heading VMHA 97VM____ V8 H 08/11/1997  04/30/2003
Vail Canal |G to Willey Reservoir VM 08VM___ 701} 1212211997  04/30/2003
Vail Canal Spill VMSPA 1T7TVM___ 7018 12/19/1993  04/30/2003
Vail Lateral 4 IG {o Kate's Lake VLAT4 97v4___ 409 | 09/28/2000 041152003
Vail Lateral 6 Spill 154 19v6___612_S 10/21/1998  04/30/2003
Vail Supply Canal Drop 41 VS41 17Ve____ 041 W 05/09/1996  04/30/2003
Vail Supply Canal Heading Drop 0 VSOH 97vS____000_H 10/03/1997  04/30/2003
Vail Supply Canal Heading Drop 2 VS2H 19vVS__ 002_H 031311996  04/30/2003
Vail Supply Canal IG to Russell Res RUSI 17VS_RUSRESI 03/13/1997  04/30/2003
Vail Supply Canal IG to Young Reservoir MDRI 17VS___ 040Al 05/07/1996  04/30/2003
Vail Supply Canal Spill at North End Dam VNEDA 17VM__NED_S 07/0211994  04/30/2003
Wainut Lateral Heading WNUT 97WAL__ H 01/23/2003  02110/2003
Westside Main Canal Heading at Weir 1 WSMH 97WSM__AAC_H 08/11/1997  04/30/2003
Westside Main Canal Sp to Trif Storm Dr WSMSA 01WSM___100_8 07/06/1995  04/30/2003
Westside Main Dixie 6 Spill DX06A 97WSM___DIX6S 08/06/1997  04/30/2003
Westside Main Dixie Spill DXSP 97WSM__ DIX_S 02/01/2001  04/30/2003
Westside Main IG to Carter Reservoir CARI 97WSM___CAR_I 05/01/1997 04/30/2003
Willey Reservoir Discharge TRES O08TRIRES___R 02/17/1998  04/30/2003
Wisteria Canal Heading WIST g7wWST____ H 01/23/2003  04/30/2003
Woodbine Heading WBIN 97WB H 11/05/2002  04/30/2003
Woodbine Lateral 2 Heading WBL2 97WB2 H 11/06/2002  04/30/2003
Woodbine Lateral 3 Heading WBL3 97WwB3______H 11/06/2002  04/30/2003
Wormwood Canal Heading WwWOD 97TWW H 01/23/2003  04/30/2003
Wormwood Canal Spill 183 19WW___ 088_S 01/24/2001 0413072003
Wormwood Lateral Heading BCW WWODH 97TWW H 01/22/2003  04/30/2003
Young Reservoir Discharge MUDR 17MDRES___ R~ 05/09/1996  04/30/2003

Date Printed: 05/19/2003

Prepared by: WIS/ID
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SUMMARY

Historically, the early decisions of the Coachella Valley
County Water District to 1) line the last 38 miles of the Coachella Canal
of the All-American Canal from near Mecca to the terminous, and to
provide for an underground distribution system for the delivery of water
in Improvement District No, }, the canal water service area, has proven
provident; 2} the piping of the underground drainage system minimizes
seepage, erosion, tail water runoff from irrigated fields, as well as
waste of usable, tillable agricultural land, has also proven to be the
wisest choice, and 3} the use of farm tile systems which connect into the
Districts underground collector system has minimized or eliminated
pesticide and sediment problems.

These programs have provided for the best use of land and water.
Because of the canal lining, the underground distribution system, and the
underground tile drainage and drainage collector system, with reiatxvaly
few open drains, the quality of Coachella Valley's environment is far
superior to similar desert irrigated areas, These minimize the vast
dredging and herbicides utilized in other districts, The projected lining
of the first 43 miles of the Coachella Canal is the result of findings so
fortuitously obtained in the 1940's,

The foresightedness of the people of the District in beginning
studies of irrigation and ground water hydrology as early as 1932, and
even before, have borne fruit. These decisions have made possab]e
efficient and beneficial use of water and land, improved water management
and crop production, This is borne out by the record yields of agriculture,
which have been substantiated in comparison with other western irrigated
areas.

The hazards and problems of salinity, recognized early in the
District's history, has enabled the District to effectively meet
requirements to reduce salinity in soils, and for farmers to improve
agricultural practices and land use. Salinity control has long been a
major thrust of the District's operations. Not only has the District kept
close surveillance, but it has maintained staff and laboratory facilities
to continuously monitor its salinity and drainage programs. The salt balance
of the Valley has been roughly maintained, and land is arable rather than
a salt encrusted wasteland,

The Salton Sea is the natural and legally preserved reservoir
and repository of agricultural waste waters by the 1924 Presidential Order
of Withdrawal. The level of the Sea for fish, wildlife recreational or
other uses cannot be guaranteed, Its level is subject to the reception of
all waters which, in addition to agricultural waste waters, are surface and
storm waters, The September 1976 and 1977 rains, for example, added more
than 100,000 acre feet to the Sea’s volume, The sink, historically, has
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been the repository of the drainage waters of an immense watershed extending
from the San Gorgonio, the San Jacinto, the Littie San Bernardino Mountains
and the eastern slope of the peninsular range, to well into Mexico. Also,
part of the time in the past, the entire Colorado River emptied into it.

Without the nutrient elements of salts, there would be no life on
earth, Nutrients in water are essential for an aquatic food web, without
which there would be no fish. While the nutrients in the opeh drain waters
are adequate for a good food web, there is no evidence of their being in
any way excessive,

Problems of pesticide residues in the open ditch waters are
minimized because the nature of the closed irrigation system, and because
of the relatively short irrigation runs. This severely restricts any
aerial application of pesticides; so there is much less drift of these
than in other irrigated areas. It is against District policy for tail
water {surface wasteage of irrigation water) to be dumped into open
ditches. However, some land does abut open drains, and there may be some
surreptitious dumping of tail water Into the drains, Water discharged
through the tile drainage systems has passed through unsaturated soil.
Because,of the vast water-soil air interfaces existing in unsaturated
soil, there is better opportunity for decomposition of pesticide residues
there than in any other environment, Thus, it viould be surface tail water,
rather than tile drainage effluent, that would be the source of any high
pesticide residues in the ditch waters. High pesticide residues are
unlikely, since there is little evidence of pesticide problems in this
District or irrigation surface water runoff because of closed drains. ’

Surface, sprinkler, and drip/trickie irrigation are all employed
in the District as irrigators seek the mast efficient, and the most
economical, method for their particular soil and crops. There are advan-
tages, disadvantages, zand economics involved with the several methods.
Continuing studies indicate that most farmers are tending to utilize
methods that do not create tall water. Open drains are utilized in
the District only in areas adjacent .to Salton Sea and are required for
carrying off stormwaters such as the Coachella Valley Stormwater Channel.
They may in a few instances also include the dual function of carrying
off stormwaters as well as agricultural drainage waters.

The District's biological control of weeds in the relatively few
open drains, near the Sea, has been most effective, and has greatly reduced
the necessary application of herbicides and dredging. This helps preserve
a good environment for fish and wildlife. Despite the actions of tress-
passing fishermen, the District's success with Tilapia Zillii, a vegetation
eating fish, has attracted the attention of water and other agencies
throughout the west. Tilapias Zilli offers evidence that the White Amur, a
hardier species, would provide more efficient and economical biological
control of vegetation.
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As to alternatives and Best Management Practices, the following
are the major findings:

--Enhancing the Saiton Sea fishery Is not necessarily within the
province or capabilities of the District. The future may resolve this
with or without changes in present practices, which actually benefit the
Sea's ecology. Any changes would have little effect on the course of
history in regard to irrigation drainage water, The quantity of water
available for firrigation, the salinity of that water, the (entral Arizona
Project, and the Upper Colorado River Basin States, all using their full
entitlement, will have a direct effect.

-~Agriculture's rather rare surface water runoff is largely due
to very infrequent precipitation, and does not come from irrigation water.
The Coachella Valley Stormwater Channel drains the central portion of the
planning area receiving precipitation runoff from roadside drains, and
receives the discharges from the District’s drain tile collector system.
This major man-made flood and stormwater channel, because of stormwater
sediment deposits, requires dredging to maintain brush and vegetation
controls and efficient disposal of flood waters, and maintenance at
the mouth of the channel at the Sca, because of the buildup of its delta
by sediments., The few other drain channels must also be kept open to
serve both thé discharge of agricultural drainage and of excessive
precipitation. There is no good evidence that turbidity is a major
problem in foachella Valley.

--Proposed new irrigation methods are not a solution in
themselves since present methods are adequate and efficient, If anything,
less irrigating by some methods would require more leaching. Less
irrigation could reduce discharges into the drains and the Sea, and would
thus reduce open drain fisheries, and increase the salinity of the Salton
Sea, Application efficiency in the District is generally adequate, and
the alternatives of sprinkler or drip/trickle depends upon the crops
planted and upon the soil; thus they are not complete anwers., Little
environmental impact is expected as these methods may be more frequently
applied as irrigators acquire expertise, The quality of the environment
has Been greatly enhanced by irrigation in this District, Without irrigation
and agriculture, the Vailey would have remzined a desert devoid of fish life,

~~Aquatic weed controls through expansion of the present
biological controls such as the use of Tilapia Zillii, an East African
weed-eating fish which has proven effective except for climatic conditions,
could be enhanced through introduction of a more temperature~tolerant
Siberian fish white amur (Ctenopharyngoden idella) which has been studied,
researched, and accepted with a large body of knowledge already accumulated
by the States of Arkansas, Florida and Texas, The Coachella Valley would
provide an ideal research setting for controlled experiment in the use of
these fish.

--Finally, the District is fortunate that it had early anticipation
and preparation. |Its foresightedness has been reinforced, and all research
studies indicate alternatives to present practices could be more injurious
to the environment. The present management practices are those that will
continue to enhance and improve the quality of the entire area's environment.



AGRICULTURAL WASTEWATER DISCHARGE

208 PLANNING REPORT

}. INTRODUCTICN

A, Purpose and Scope

By Agreement No. 7-047-17-8 entered into on October 1, 1977,
between the Cozchella Valley County Water District (hereinafter referred
to as the District), and the California Water Resources Control Board
(hereinafter referred to as the Board), the District has assumed
responsibility for Agricultural Drainage Planning.

The Agreement, with a Five page EXHIBIT A made a part
thereof, is concerned with development of Alternative Management Practices,
with identification of Best Management Practices (BMP) and the Management
Agencies recommended for implementation, with Environmental Impact
Assessment, and with coordination, reports, and data requirements, etc,

For well over 40 years, the Coachella Valley County
Vater District has been striving to improve the quality of the environment
in the Valley, largely through the enlightened management of its water
supply, the development of which it had contracted for., Now, newcomers
are saying that there was no concern for the guality of the environment
until they arrived on the scene. Further, they say that, to be objective,
those with a history of concern, must prove beyond a shadow of doubt that
their practices provide a pristine pure environment, On the contrary, we
state that the newcomers must prove beyond a shadow of a doubt that
the carefully selected and time proven practices well established are
faulty before they will be abandoned or modified. In this regard, it is
interesting to note a recent article (52) which shows quite conclusively
that Jocal inputs, rather than broad comprehensive national concepts,
control the quality of the environment,

There have further been statements to the effect that
the utilization of water in the desert "alters and destroys the area's
natural desert environment.'' Technically, this is correct if the absurd
assumption is made that man should not be a part of the natural desert
environment, Actually, there is only sufficient water to affect a very
tiny fraction of the Sororan Desert, and there will always be plenty
of "patural” desert., Man is a part of the environment, and, because
overall he is so industrious and productive, a few of his race can decry
that he has changed or destroyed something natural - regardless of how
worthless that which s destroyed can be. HMan exists because he does
drasticalliy alter the environment - and only man is concerned about the
gual ity of the environment,

i-1



B. Description of Area

The area of concern is that portion of Coachella Valley
to which folorado River water is imported. |t is a desert area whose
precipitation averages less than 3 inches per year, a portion of that often
coming from late summer thunder storms. Coachella Valley, as a whole, is
the northwesterly portion of a closed basin that drains to the present
Salton Sea, now about 228 feet below sea level, and which has been a natural
sink for eons. The apex of the alluvial fan formed by the Colorado River is
in Mexico, and all of the Imperial Valley of California, and a good part of
the Mexicali Valiey in Mexico, as well as the Coachella Valley, drain towards
the Salton Sea. The other side of the alluvial fan of the Colorado River,
all in Mexico, drains towards the Gulf of Califernia., The soils of the
Imperial Valley, southeast of the Salton Sea, are dominantly alluviums
deposited by the Colorado River. The dominant soils of the Coachella
Valley are wind-modified recent alluviums eroded from the granitic mountains
which, except for the Salton Sea side, surround the Valley. Going counter-
clockwise around the Valley from Salton Sea, these are the Little San
Bernardino Mountains, the San Bernardino Mountains, the San Jacinto
Mountains, and the Santa Rosa Mountains. (See Maps 1A and 48-A).

Coachella Valley is divided into two parts. The
upper basin is that area lying to the north and west of a line drawn from
Point Happy near Washington Street north and east toward the Indio Hills.

The lower basin, subject of this 208 Planning Report,
lies to the south and east of the line beginning at Point Happy. In the
lower basin are the cities and communities of indio, Coachella, La Quinta,
Thermal, Mecca, North Shore and Oasis, including the irrigated agricultural
areas served by the Colorade River through the Coachella Branch of the
Alt-American Canal which, by contract with the United States, is known as
Improvement District No. 1. (Map 48-A).

Generally there is an almost complete lack of well
defined stream channels throughout the Valley, except in a few locations
where slopes are greater than normal. The few perennial streams disappear,
with normal flow, in the alluvial fans before they reach the Valley. When
floods do occur, the water with i1ts heavy sediment Joad tends to fan out
irregularly, with extremely shallow depth of fiow. This is part of the
natural aggregation process by which alluvium is built up over a plain.

To make the Valley reasonably safe from the devastating effects of the
infrequent floods, levees have been built, utilizing material from the
artificial channels thus created. Sometimes, where the slope is steep
enough, natural channels do exist, and are smoothed and regularized with
levees constructed to make them more permanent. Both the artificial
stormwater channels thus created, and the open drains dug to provide
outlets for the tile drainage system, generally, must be continually
maintained. Without such maintenance, they would revert to the broad
and ever changing shallow natural fans. The Valley would cease to be
an environment suitable for man, for a productive agriculture, and there
would certainly be no fish. The natural desert ecosystem would be in

full swing.
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i, Llimate

The mzan annual temperature of the Valley 730F, with an
average annual minimom of 54°. The highest temperature is 1259F, the
lowest is 169F, Daytime summer temperatures can be expected to exceed
100°F, and nighttime summer temperatures are expected to exceed S0°F,
There are light frosts from time to time in some winters, but temperatures
are normally above freezing. Prevailing light winds are from the south
and southesast, There are seascnal strong winds from the northwest, out
of the San Gorgonio Pass area, usually during March, Apriil and October,
due largely to coastal pressure systems. Velocities are up to 60 miles
an hour, and, in places, severe gusting, blowing sand and dust conditions
prevall,

District records and those of the National Weather Service
at Thermal indicate that humidity in the lowsr basin of the Valley (below
Point Happv) has ranged from an average of Z8% in June to a high average
of 48% in December over the past 30 years. During the past 10 vears the
Jowest temperature in the Valley was 17°F on January 5, 1972, and the
highest 118° on July 11, 1975. Every month of the year has had
temperatures of GOPF,

According to rainfall measurements in Indio since 1877
the least amcunt of precipitation was recorded in 1834 when only a trace
was listed., In 1888, during the entire year, .12 of an inch fell, and
that was in November. The mest amount of rain was in September 1939
when £.86 was recorded and the year's total was 10,85 inches. The next
highest rainfall of record was in 1976 with 5.24 recorded in September
in Indio. Average rainfall since 1877 has been about 2.60 inches.

Owing to high temperatures, almost daily sunshine, and
low humidity, evaporation is high every month of the year with maximums
guring the summer months.

2. History

Prior to the Pacific Railroad Survey made by the U, S,
Army Engineers in 1853, informstion about the (oachella Valley and the
{olorado Desert is sketchy. Few written reports exfist, those being of
Spanish expeditions, the diaries of the Spanish padres, or others. ({on-
cerning the Coachella Vailey, the few reports told mostly of Indian Trails
through the San Gorgonio Pass to the (olorado River. Some told of salt
being obtained from the Sslton Sink. (1)

The earliest recorded report of Coachells Valley was
made during an expedition of Captain Jose Romero and Lt. Estudille in
December 1823. Trey sought a route to the Colorado, the Yuma Settlement
and thence to Tucson. They failed to reach the river and were forced to
return to San Gabriet. They reported no trails, scarce water holes, and
impossible conditions on the blezk and formidable desert. in 1825 a
second expedition succesded in reaching the river at considerable cost. (1)



California was admitted to the Union September 9, 1850.
The need for communication and travel, among other things, led two
engineering parties into the Coachella Valley in 1853, One was that of
Col. Henry Washington who not only named Cathedral Canyon but his sur-
veying parties established the San Bernardino Base and Meridian upon

“w:t which modern day land surveys are based and land ownerships detajled. (1)

Probably one of the most important expeditions was that
under the direction of Lt. R. 5. Williamson, who sent a party including
Prof. William P, Blake, of the Smithsonian frstitute, and a party chief,
Lt. J. G. Parke, through the San Gorgonio Pass in November 1853, The
comprehensive and voluminous report described the winds, the barrenness,
the botany and the topography of the Valley, as well as its water holes,
Indian wells and springs. It was Prof. Blake who first noted the ancient
fresh watér beach line on the foothills of thé Santa Rosas. He named the
body of water that had filled the Salton Sink some 400 vears earlier to
the nearly 35-foot above sea level mark '"Lake Cahuilla' after the
Indians living on the desert. He also gave the name '"Colorado Desert!
to this region.

In a letter written April 14, 1860, a John Rains wrote
Dr. Oliver Vozencraft, who had a vision of irrigating the desert, that
he had crossed and recrosced the desert many times snd that '“there is
no portion of it, with the exception of the Indian rancherie (sic), at
the opening of the San Gargonio (sic) Pass, on which man or animal could
subsist, or any portion of it that could be sald for any consideration,
@s there is neither water nor vegetation, and the excessive heat and
drifting sands make it extremely difficult to pass over it, owing to which
there has been great suffering, loss of 1ife and property..... " (Arizona

vs. California Exhibits Volume [).

Discovery of gold at L2 Paz on the Colorado River in 1862
brought many prospectors and travellers through the Coachella Valley.
This traffic led William D. Bradshaw, who had a part in the Bear Flag
revoit, to build a freighting road through the Valley which was used nearly
20 years by stage lines to Prescott, Arizona.

In 1875 and 1876 Lt. George M. Wheeler, in his report to
the Chief of Engineers, War Department, Second Session, bhth Congress, as
to "'the feasibility of diverting waters of the lolorado River of the West
for purposes of irrigation...." made a number of interesting comments.
Summer and winter trips were made by Lt. Eric Bergland in the field. Lt,
Whezler in his 1875 trip declared that "the unfortunate climate to which
this portion of the Southwest (Colorado Desert) is at present treated by
the hand of nature is likely to retard jts rapid settiement, even if water
was plentifully available.., .V

Eergland wrote that on the 1875 trip “frem Fhrenberg we
followed old stage road to Chuckswalla, thence to Dos Palmas, Los Torros,
Agua Caliente, Whitewater, through the San Gorgonio Pass,,.,.from Los
Jorros to Agua Caliente 1t is very sandy and difficult for wagons, This
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portion of the Coahuila (sic) Valley is covered with immense sand hills,
some of which seem to hbe permanent, as large-sized mesquite and other
brush grow on their summits. Others are constantly shifting their
position, according to the direction of the prevailing winds...."

On Lt. Bergland's second survey in February 1876 through
the Pass to the river he wrote the following impressions: "The country
appeared more sterile and forbidding than before, as the mesquite trees
had lost their leaves, and not a spear of green grass was seen between
Whitewater and Ehrenberg...." Regarding the climate, he added this
observation: "The climate in the Colorado Valley during the hot months
is not one which a sane person would select in which to spend the
summer...."

A1l of the early writers and chservers wrote of their
experiences with the prevailing winds from the south and southeast, and
especially commented on the violent winds and windstorms with blowing
sand from the northwest and west.

Drifts of sand and dunes were noted as far south as
Thermal, in the center of the Valley, and on both edges of the Valley.
Little rain was noted except for thunderstorms in the late summer, fall
or early winter, sending flooding and rampaging water out of the mountains
onto the floor of the desert valley., Generally low humidity was noted
except during the summer when prevailing winds brought in moist air from
the Gulf of {alifornia, as they do today.

The desert entry act permitting homesteading in 1885
along with prospecting and mining, the completion of the Southern Pacific
Railroad to El Paso, discovery of artesian water, and the beginning of
agricutture all brought settlers to the area from Mecca to .Indio prior to
the turn of the century. The establishment of the date industry, planting
of vineyards and citirus along with early vegetables with irrigation from
wells influenced settlement,

The need was early evidenced for a supplemental supply
of woter if the economy of the area was to grow. This led to the
esteblishment of the Coachella Valley County Water District and joining
efforts with lmperial Valley in obtaining Colorado River water. The
political actions and pioneering efforts led to the Boulder Canyon
Project Act and provisions for the All American Canal with a Coachells
Branch., First river water was delivered in the valley in 1948, The
following report includes other details of this agricultural growth.

3. Economics

Population of the Planning Area is cstimated to be
approximately 43,000 of which about 19,100 reside in the corporate
limits of the City of Indio, and about 8,400 in Coachella. In the
unincorporated arcas are the communities of La Quinta, Thermal, Mecca,
North Shore and Oasis with a population of approximatley 15,500.
(Estimates January 1978 Coachella Valley Association of Governments,)



. The planning area is largely agriculturally oriented, Of
the about 78,000 acres of irrigable land, which has [olorado River water
available, more than 58,000 acres were farmed producing vegetables,
grapes, tree crops, cereals, forage and nursery crops. Nearly 11,000
acres were fallow or jidie during 1877.

Agriculture reported a gross crop value of nearly
$107,000,000 or more than $1870 per acre, making this area one of the
highest preoducing irrigated districts in the 11 western reclamation
states. The District also has the distinction of using a greater percen-
tage of ils water beneficially according to the U.S., Bureau of Reclamation.
In 1377 there were 806 irrigation water users in the District,

Agriculture's importance to the economy is also evidenced
by the number and residence of year-round farm workers as well as
employment in agriculturally-oriented industries such as packing, trans-
portation, shipping and related industries,

The balance of the planning area's economy includes
tourism, recreation, commerce, construction, industry and government,

Among the golf courses in the area are lLa Quinta,
Westward Ho, Bermuda Dunes, Indian Palms and the Indio Municipal
Goif Course. The first four have attendant fairway residential
deveiopments,

>

Using the City of Indio's economy, with its mix of

™ recreationg] and auricultural activities, trends and outleocks for the
area can be apalyzoed and projected since Indio is the primary urban
center for the planning area (49).

Until recent years the planning area has been dominated
by agricultural influences while the upper basin has been primarily a
tourist, recreational and resort center. The distinctlion is now some-
what less pronounced,

Because of the agricultural influence, the planning
area's economy has rarely had the fluctuations noted in the upper basin.

fndio's population, for example, ranged from 9,745 in
1960, and 14,459 in 1970 to more than 19,100 in 1977, The planning
area's population was 27,265 in 1960, was 38,400 in 1970 and is now about
43,000, In 1950 there were 1955 dwelling units in Indio and by 1976
the number had reached nearly 7300, In 1948 the city Iimits of Indio
totalied about five-eights of a square mile, by 1960 it had increased
to 5.5 square miles and in 1977 was more than 12 square miles (50).
Employment in agricuiture was estimated at 4.8 per cent of the population
in 1960 and six per cent in 1970, an increase of 25 per cent, which is
understandable since Indio historically has been the economic center for
agriculture, Crop bearing acreages from 1950 to 1976, from 26,500 to
about 63,000 acres, has nearly tripled, according to the Riverside County

CAgricultural Commissioner’s Annual Report.



In 1976 tourism, including seasonal population for
the winter months in indio, totalled nearly 1,500 or about 7.6 percent
of the population which added a source of income and generation of employ-
ment. The future growth of this segment of the eccnomy is promising as
tourism increases in the entire planning area. Tourism growth due to the
Salton Sea, the state park and recreational facilities, terminal reservoir
Lake Cahuilla and mobile home parks, also have an impact on the area.

Per capita retail sales according to the State Board
of Equalization Taxable Retail Sales in California, 1976, shows Indio
with $102.1 millions and a per capita retail sales of $5,361, exceeding
the averages of other valley cities, the county and state. Palm Springs
showed $5,123 and the county $2,522 in per capita sales. This illustrates
Indio's rote as the center of sales and service not only for the lower
valley but the upper valley, Salton Sea and Eagle Mountain areas as well.
It should be noted Indio's sales included 10 percent for building materials
and farm implements and 23 percent for auto and truck dealers.

Income from agriculture is expected to grow in the
future at the rate of about three to 3% percent (49}. A growing share
of the entire valley's scasonal, retired, and tourism population is
expacted to be attracted to Indio and the planning area, especially as
it relates to mobile home parks. Coachella Valley Association of
Governments forecasts & population growth of 30,000 more by 1990, for
example.

tn 1877 construction in the planning area totalled
more than $14,000,000 and retail sales in the area totalled nearly
$160,000,000.

The growth of the area can also be illustrated by the
increases in assessed valuation in Improvemant District No. 1, the area
receiving Colorado River water for irrigation. According to the Riverside
founty assessment rolls the assessed valuation in the 1949250 year was
$9.5 millions. In 1859-60 vear it reached $20.8 millions and in the
1977-78 year it was $46.3 millions. The valuations, it will be noted,
doubled each ten-year period.

Besides the Southern Pacific's main line between Los
Angeles and El Paso, which also handles ore trains from Eagle Mountain's
Kaiser Mine daily, the area is served by major airlines operating out of
the Palm Springs Airport with some charter service out of Bermuda Dunes
and Thermal Airports.

Greyhound and Trailways bus iincs operate out of Indio
and Coacheclia as well as major freight and trucking lines. Interstate 10
traverses the north side of the area. Highway 111 bisects the valley from
indio around the north shore of Salton Sea while Highway 86 originates at
Indio and continues around the wast and south shore of the sea. Other
state routes are located from Valerie Jean through Box Lanyon and from
Qasis to Pierce Street.



2

L. NAgriculture

1. VMater Supply

Irrigated agriculture really got its start about the turn
of the century, except for small trial plantings and a few home gardens
which started a few vears earlier. The sole source of water was the
ground water that was generally artesian with flowing wells up the Valley
from Salton Sea to about present day lndio. The ground water i{s derjved
from the natural recharge of the Whitewater River and its tributaries.
Early wells were often drilled using a jetting technique but flow of
such wells was generally small. Good flows were generally obtained first
with the conventional cable tool {percussion) technique, and later with
the hydraulic-rotary technique. Over a relatively few years, as
irrigated agriculture expanded, the water table receded, and the wells
ceased to flow, except for a few near the Salton Sea. Essentially all
wells, then had to be pumped, although they were still artesian in
principie.

Because of the problem of the continuing lowering of
the water table, it became obvious that the water supply had to be
supplemented. When knowledge was gasined that the people of the
Imperial Valley were talking about an All-American Canal, at a
considerably higher elevation than the Alamo Canal that had been
bringing water north from Mexico, it became apparent that Coachella Valley
could also he served with Colorado River water by gravity. (1) Therefore,
in 1918, the then sparse population of the Valley voted overwhelmingly
to form the Coachella Valley County Water Distvrict. Some people of the
Valley involved themselves rather thoroughly in negotiations with the
Imperial Irrigation District, with representatives of the western states
within the Colorado River drainage area, with the Federal Reclamation
Service and with the Congress. This involved a long period of
negotiations; so more immediate attention was given to stream runoff
water conservation and to improvement of the natural recharge
capabilities of the Vhitewater River and its tributaries. Adjudication
of the surface waters was commenced in 1919 and became a major emphasis,
as well., Levees were constructed to divert and detain flood flows of the
Whitewater and San Gorgonrio so as to increase recharge. Later, a study
of the hydrology was undertaken largely in the period 1936 to 1945. |t
was published in 1948. (2) This information indicated that the maximum
safe yield of the underground system was somewhere in the neighborhood
of 100,000 acre feet per year, obviously only a small fraction of the
actual needs. Later more detailed and comprehersive studies indicated
that that rough estimate was a little high. (3), (&)

At the time that the Coachella Branch of the All-American
Canal was being planned, the U.S. Bureau of Reclamation (hereinafter
referred to as the Dureau) had had long experience with earth canals,
some with clay lining, but no experience with concrete lined canals.
Therefore, the first design of the (oachella Branch Canal was for an
earth canal without lining. The District protested, and as a compromise,
the Burcau agreed to line that portion of the canal within the District's
boundaries.
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Today the Burcaw and the District have let one of two contvacts to bujld
a new lined canal, along ond somewhat parzllel to the old unlined canal
for the first 49 mites from the Coachella turnout on the Main All-
American Lanal, thus saving some 132,000 acre fect per year of the
present seepage, even though it would be fost to immediate use in the
United States.

Again, with the distribution system, the original Bureau
proposal was for a typical open ditch system, Because of the prevailing
coarse textured soils of Coachella Valley, particularly around the
periphery, there was strong District opposition to this proposal.
'nstead, a concrete pipe distribution system was requested. Because of
the highly gypsiferous nature of Colorado River water, in contrast to
the predominantly calcium-deficient ground waters of the Valley that
caused them to make soils less pervious, open ditches were properly
visualized as leading to excessive water-logging throughout much of
the Valley. Also, there would be a2 great loss of water. The District
was able to convince the Bureau to design, and to construct, their
first-ever concrete pipe distribution system, a system that has
performed remarkably well,

)

Legally, the area served with Colorado River water is
the lower part of the Valley in "Improvement District No. 1''. The
Coachella Branch Canal provides the lower Valley below Point Happy with
almost all of its irrigation water. (Map 48-A), Coachella Valley
County Water District Ordinance 958 (Exhibit E-9) governs the delivery
and use of Colarado River water for irrigation in Improvement District
No, 1. It should Le noted that all dumestic water, at the present
time, is obtained From wells.

Under the U. S. Supreme Court Decree of March 9, 1964,
and the Secretary of Interior's Colorado River Operating Criteria
(1570) california must reduce the water it takes from the Colorado
River to 4.4 million acre feet per year when the Central Arizons
Project {CAP) begins to divert substantial amounts of water. (The
CAP is expected to be compieted about 1386.) Considering the Mexico
Treaty obligations, as well, the Colorado River is overcommitted --
more water allocated than it carries., However, the 132,000 acre feet
of water '"saved' by the lining of the first 49 miles of the Coazchella
Branch Canal should alleviate most of the District's water supply
problems, :

2. 5o0ils

A sail survey was made of Coachella Valley in 1923,
embracing 220,100 acres that appeared to have some agricultural
potential. Of the area surveyed, about one-fourth is in the Coachella
series, about cne-fourth Indio series, and about one-fourth Super-
stition series. The remainder is in rough broken land, in Voodrow
series, and in dune sand. Considerable dune sand has subsequently
been levelled to more-or-less resemble the Coachella series. |n
general, the Superstilion series is the coarsest textured soil, Coachella



next, then Indio, and Woodrow is the finest textured., All are recent
alluviums, but the Woodrow series is ‘the one that, by far, appears to
have the most of the (olorado River sediments settled out in anciant
Lake Cahuilla. All of the soils are severely stratified with the
texture of the strata ranging from ccarse sand to clay. The strata
are almost invariably quite discontinuous, often within distances of
only a few feet. There are a few parceis of land that have been deep
plowed to depths of 4 to & feet, before being levelled and irrigated.
In general, this appears to have resulted in improved water management
and crop uniformity.

3. Salinity

From the earliest records, there have been salt encrusted
lands in the lower trough (center) of the Valley, and probably most of
the people recognized the hazard of salinity problems. In 19%7, a net-
work of small rather shallow observation wells was installed in the_
saline part of the Valley (1) (2) to depths of 11 to 32 feet. Readings
of the water levels in these 'alkali wells! were made for scme years by
the District. The levels in these wells did not fluctudte as did the
levels in the deep irrigation wells, but did gradually recede, with
considerable lag, as the levels in the irrigation wells receded. HMany
of the observation wells were destroyed, or became inoperative for one
reason oy asnother, and were not replaced. Before too long, all were
abandoned. They had told their story, however. The surface water table
was semi-perched, but interconnected with the deep aquifers through
tortuous channels. This made it rather obvious that, with the impor-
ration of Colorado River water, serious salinity and drainage problems
would arise.

i
Iy, Drainage

Before the importation of Colorado River water, with
dependence upon mining of the ground water, and with often isolated
agricultural plantinas being widely scattered through the Valley, there
was simply no need for fecilities to provide agricultural drainage,
However, because of knowledge of underground stratigraphy, it was
correctly forecast thst there would be need for drainage facilities once
Colorade River water was imported, This gave rise to cooperative
investigations by the District, the University of California, the U, S,
Salinity Laboratory, and the U, S, Bureau of Reclamation, The result
was that there was a network of pieczemeters throyghout the trough of
the Valley, which piczometers were read periodically. Landowners were
notified when the water table under any part of their land reached 10
feuet below the surface, and the District had a pipe collector system
available to provide outlets for farm tile systems, Howhere else in the
world have water logging and salinity problems been avoided before
disaster struck, Deotails of the drainage investigations will be discussed
later,
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5. (rops

Table | shows summaries of acreage cropped in 1936-37,
and in 1970 and in 1977. The gross crop value is shown for 1370 and
1977. (See Table 1.)

Historically, and disregarding some seedlings imported
in 1890, dates have been grown in the Valley since the turn of the
century. They were the first impoftant crop, and have established the
fame of Coachella Valley throughout the nation. Dates do better here
than anywhere alse in the United States, particularly the popular
Deglet Noor variery. ) '



TABLE 1

is credited to each of the crops.

! A1l was alfalfa.

There werc 470 acres of "part pasture' in 1936-37 - uncultivated Yand wild
Not included in the total.

flooded from flowing wells,

’ CROP SURVEYS OF COACHELLA VALLEY, CALIFORNIA
For 1936-37 = All of Valley up to Palm Desert and Thousand Palms
For 1970 and 1977 - Colorado River water service area only.
" CROP 1936-37 1970 1977
Acreage Acreage| Gross Value Acreage| Gross Valuc
Ceteals 670 1,917 | § 135,150 1,013[$ 110,650
Fordge crops b, hho 1 5,894 721,25h 5,929 2,038,854
Field crops {cotton) 1,160 3,238 671,440 5,400 2,739,888
Vegetable crops 3,660
Carrots 5,040 7,285,824 5,294 9,813,488
Sweet corn k002 2,497,648 6,073 6,105,065
All others & melons 6,020 6,505,721 4,902} 12,967,402
Seeds and Nursery 537 1,551,692 425 915,100
Citrus 2,735 % 16,955 10,543,710 16,016 22,130,517
Dates 2,865 % 3,442 6,780,500 4,093 10,783,710
TP Es 2,280 7,679 13,152,591 7,208 36,089,044
aer fruits and nuts 100 8 15,136 199 255,475
TOTAL - All crops 15,210 54,782 | $50,342,098 56,552 1$106,953,193
Less multiple cropped 7,039 7,248
Net cropped land % 15,210 47,743 hg 304
* There were some 550 acres of dates and grapefruit interplanted in 1936-37. Half
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Ph. BACKGROUND OH THE AGRICULTURAL USE OF WATER

A. Uses of Water

California is the number one state of the nation in
its agricultural productivity, and some 95% of that value comes from
irrigated agriculture. Almost all agriculture in California depends
upon irrigation, Rainfall, normally, is neither expected nor desired
during that growing season, unlike the humid portions of the nation,
Technically, the need for a supplemental water supply, and the cost of
irrigation application, are over and above the costs of humid region
agriculture.  However, these extra costs pay off in yields, and in the
quality and timing of the products. Georgia may be the ''peach state',
but some 90% of the nation's peaches comes from Califarnia. Thus,
irrigated agriculture is complementary to humid region agriculture, and
is a far more intensive agriculture., . It not only makes the nation's
food and fiber oulput the envy of the world; it, alimost alone, keeps
the nation's balance of payments from going through the ceiling. Along
with cheap energy, it is agriculture that has made our transfer point,
the Los Angeles Metropelitan area, prosper,

Urban pcople, most of whom have nothing to do with
agriculture, except as ultimate consumers, heavily utilize Coachella
Valley for play anc escape, If the prosperity that enables them to do
this is to long continue, they must learn that basic productivity comes
First, Two examples follow:

(a) As part of its function in total water manage-
ment, the District has dug and maintains open drains, mainly the Coachella
Vailey Stormwater Channel, These drains make possible the essential
productivity of the agriculture, and provide for the channeling of flood
flows Lo the Salton Sea, This has created an artificial environment that
is optimal for cervtain Tish species that the District has imported to
keep the vegetation of the channetls well pruned so as to lower maintenance
costs, incltuding dredging and herbicide spraying. Without agricu]ture;
and without the costs of importing and maintaining the environment, there
would be no sport fishery at all. These who have created this fish
environment, and maintain the environment for the fish must come First,

The fish are not a free good for which the itinerant poachers have preference.



There are those who contend that the waters in
the open drains are State owned, and that therefore all the resources
in the drains are State owned, Two Attorney General opinions are cited
to support this (#S65/173 and 65/259). Attention is directed to the
fact that Attorney General opinions are not law, and that the drains,
owned by the District, exist only because the District dug them and
maintains them. Without that, there would be no drains and no fish.

{b) There is no environnent more to his liking
that urban man desires for his play and escape than the prime agricul-
tural ltand, This land just happens to be the flood plain. But its
very nature, beccause floods have deposited the alluvial soil to hundreds
of feet in depth in geologically recent times, it is still subject to
floods, and to all of the sediment that goes with them, Flood contro!l
tecliniques are employed, and do appreciably lengthen the probable period
between devastating floods, but it can never eliminate them entirely,
Thus, the flood plains work well for man's usual short-term of occupancy,
but, because of the heavy sediment loads involved for the long-term, urban
developments wil} uvitimately suffer severely from the rare major flood.
There can, of course, be losses to agriculture by a rare major flood.
But, despite losses, agriculture has always rebounded and survived on the
flood plain, Also, because of the sparsc popuiations involved, those in
agriculture can escape floods., Concentrations of urban man cannot,

The District does, of course, serve all of the water-
related needs of the people, These include irrigation water supply,
agricultural drainage, potable domestic water, urban waste water
management, ground watcr recharge, water importation, and fleood control,

The Districlt is essentially Valley-wide, and there are many economies in
integrating the many phases of water manzgement. But it is not the function
of the District to dictate what people should do, and it follows the
decisions made by the people and other governmental agencies in the most
efficient and effective way possible.

B, On the Nature of Salts in VWater

All natural watzrs contain salts, usually dominantly the
chlorides, sulfates, carbonates, and bicarbonates of calcium, magnesium,
and sodium. These salts are derived from decomposition of rock by the
weathering process. The products of weathering are thosz salts, and the
soil material that is periodically transported downstream in floods, The
greatest amount of salts jer unit of area are derived from the wettest
watersheds. This is almost never recognized because there is so much more
water produced that the salts are far more dilute (7, 8, 9), Since
weathering requires z source-of oxygen, it is basically a surface or near-
surface phenomenon, Also, tempcrature changes affect weathering,
particularly where moisture has penetrated into rock, and there is freezing
and thawing, This is a surface phernomenon because temperature changes
are so restricted to the surface., Temperature change is grealest on the
highest watersheds. There is 2lso opportunity for weathering around the
shorelines of oceans, but this weathering is of far less concern than
the weathering affecting all of our fresh waters.
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i, Salinity of the Coleorado River

The average annual salinity of the Colorado River ranges
from ebout 50 miliigrams per liter (mg/}) in its headwaters in Colorado
and Wyoming, to 820 mg/1 (1977) at hwperial Dam, the last diversion point
in the United States, This increase is the result of two basic processes
-~ salt loading (adding salts) and salt concentration {reducing water
supply}, Salt loading results from both natural conditions and man's
activities. Salt concentration results when water is lost through
evaporation or transpiration within the Basin or when water of lower
salinity than that of downstream points is diverted from the Basin., The
result is an increase in downstream salinity due to the remaining amount
of salt being carried in less water. 1t has been estimated that, under
1960 conditions, about one-half of the salinity concentration at Hoover
Dam was due to natura! conditions and one-half to man's activities (51),

A number of investigators have made projections of
future salinity levels in the folorade River., While the estimates
differ, due to varying assumptions regarding long-term vater supply and
future ratez of development, all agree that future salinities will increase
markedly without the application of salinity control measures. The
Colorado River Board of California has estimated that, without salinity
control moasures, the salinity at Imperial Dam will increase from its
present (1977) B20 mg/) to approximately 1200 mg/] about the turn of
the century. Ths increasz will result mainly from increased water use
for agricultural, industrial, and municipal purposcs and out-of-basin
exports as the states of the Upper Basin continue to develop their
compact apportioncd waters, '

Following the enactment of P.L. 92-500, the Federal
Vater Pollution Control Act Amendments of 1972, the Environmental
Protection Agency interpreted this legislation as requiring that numeric
criteria for salinity be set on the Colorado River, Consequently, the
seven Lolourado River Basin states formed the '"Colorado River Basin
Salinity Control Forum' in 1873. The Forum was established to facilitate
the development of uniform salinity standards for the Colorado River which
would allow all Basin states to put thzir compacti-apportioned waters to
beneficial use whiic keeping the river's salinity in the Lower Basin near

1972 levels, (4§, 51)

Since legislation was required to control the increasing
salinity of the Colorado River and toe enable the United States to comply
with its 1973 agreement with Hexico on Colorado River Salinity, P.L, 93-320,
the Colorado River Dasin Saltinity Control Act, was enacted in 1974, This
legislation authorizes the Secretary of the Interior to proceed with a
program of works for the enhancement and protection of water quality in
the Colorado River for use in the United States and Mexico. The Act
aulhorizes the conslruction, operation, and maintenance of a desalting
complex and appurtenant works below fmperial Dam Lo enable the United
States to comply with its obiigations to Hexico as specified in the 1973
agyeement bztween the two countries, In addition, the Act authorizes the
construction of four salinity contrel units and identifies 12 other units
for expedious compleotion of planning reports. The salinity control units,
located above Imperial Dam and mostly in the Upper Basin, include:
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{}) lririaation source control projects which involve
on-farm irrigation water scheduling, the management and improvement of
water delivery systems, and the collection and use of irrigation return
flows for industrial purposes.

(2) Point source control projects that include the
collection of water from saline water sources such as wells or springs,
and then either desalting the water or evaporating it in solar ponds.

{(3) Diffuse source control projects that include the
reduction of non-localized salt sources from relatively large areas by
special collection processes followed by disposal processes similar fo
those for point sources,

The Colerado River Basin Salinity Control Forum, after
concducting a number of studies that projected several levels of future
streamflow, water use, and salinity levels, developed water quality
standards for the Colourado River inciuding numeric criteria and a plan
of implementation for salinity control., The Forum concluded that
numeric salinity criteria for the Colorade River shouid be established
for three key locations, as follews:

Lacation Salinlty Criteria in mg/1
Belov Hoaver Dam ' 723
Below Parker Danm 747
Imperial Dam ‘ 879

These criteria represent the flow-weighted average
annual values for the year 1972, |t was recognized that many man-
made and natural factors affected the river's salinity and that the
actual salinity would vary above and below the criteria.

The principal elemants of the pian developed by
the Forum to meet ihe established numeric criteria are:

1. Prompt construction and operation of the
initial four salinity control units authorized by Section 202,
Title i1 of P.L. 93-320.

2. Construction of the 12 units listed in Section
203(a) (1}, Title 11 of P.L. 93-320, or their equivalent after receipt
of favorable planning reports,

3. The objective of no return of dissolved salts
te tho river from water diverted for industrial uses.

b, The reformulation of previously authorized,
but unconstructed, federal water projects to reduce the salt
loading effect of return flows.



5. Use of saline water for industrial purposes
vhenever practicable.

The plan also contemplates programs by water users
to cope with the river's high salinity, improvements in irrigation
systems and management to reduce salt pickup, studies of means to
minimize salinity in nmunicipal discharges, and studies of future possible
salinity control programs.

All seven basin states have formally adopted the
Forum's proposed standard as the standard for each state and the state-
adopted standards have been approved by the environmental Protection
Agency. In accordance with P.L. 92-500, the standards and plan of
implementation are to be reviewed at three-year intervals. In this manner,
the plan of implemcntation may be modified as required to assure
achievement of the geal of maintaining the river's salinity at or below
1972 levels., (51)

The ebove asctions and discussion concerning the Lolerado
River can only assume that (a) the amount of weathering, particularly
on the high watersheds, can somehow be reduced, {b) that salts somehow
can be safely stored somewhere on the watershed in perpetuity, or (c) the
salts can be exported aut of the watershed, So far as can be secen, the
only real control will be the exports of salts to the Gulf of California
in a brine line from the desalting works, Also, apparently, the desalting
will be by one of the partial desalting technigues (reverse osmosis,
electrodialysis, ion exchange). These are dominantly effective in removing
the divalent ions, and not the monovalent iouns., A resultant soft water
may be good for some industrial uses, but not for agriculture. Calcium
carbonate, magnesium carbonate, and calcium sulfate really do not
contribute to salinity problems, and these are the primary salts to be

)

el iminated by these techniques.,®®

L, The Salton Sea

When a river system disgorges into a sink, or into an
alluvial valley, the sediments that it carries form a delta or alluvial
fan. At cne time or ancther, the water will flow o one side or the

*1The above discussicn on the "Salinity of the Colorado River', as devel-
oped largely by personnel of the Colorado River Board of California,
represants the offiteial position of the District, of the Colorado Basin
States, wd of the federal ond state regulatory agencies. The writer has a
different viewpoint. Salts as found in all natural waters arve dominantly
and basically the result of the weathering process. The minegrals in rock
at or near the surjace of itne earth are decomposed in the presence of air,

[t is a murface phencomenon because that is where there arve great temperature
changes (such cc frecaing and thawingl), where there is plenty of oxygen (no
scurated ground waier), and where there is the most wetting and drying,
Weathering is greatest wn the Aigh mountains beccuse that is where rock i3 ai
or close to, the surface, and where there is the most wetting and drying.
Thers ig no evidevce that man, in any really significant way, hes really
gver cnanged the production of salts in weathering. One phystical mechanism

3
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other of the alluvial fan or delta, Because of floods, and the heavy
sediment toad involved with floods, it is axiomatic that sbout as much
sediment will be deposited on one side of the Tan or delta as on the
othey side. This certainly bholds true for the Colorado River where
there is at least as much alluvium on the Salton Sea side as on the Gulf
side, The apex of the lan must have always been not too far from
Horelos Dam. When white man first passed through this area it was
reported that small saline Lake existed in the Salton Sink (1). There
were later reports of a dry Salton Sink. There was & well established
salt works at the bottom of the sink {1}, And, today, there is still
the evidence of a long time maximum elevation of ancient Lake Cahuilla
at Travertine Point, and up and down the valley from that point. This
elevation is variously reported as being about 35 feet above sea level,
This wvould permit the water to flow over the low point of the fan to the
Gulf (1}. 1t is unknown how often there were periods when Lake Cahuilla
existed, but there must have been many. There are the remains of rock
work near the shores of Loke Cahuilla, usually presumed to be some kind
of fish traps (1}. There is also the old salt works, and the surprising
depths of crystalline salt penctrated by well drilling near the shares
of the southeast side of Salton Sea,

Before 1905 the Salton Sink had a saline marsh in the
bottom extreaities. Heavy flows of the Colorado River and Gila River
flowed uncontralled into the Salton Sink In 1905, using old river channels
cutting new channals (1). The railroad through the Sink was forced to
relocate its tracks to keep them from being innundated or washed away.
There was fear the tracks vould have to be moved again, Therefore, it
is not surprising that the Southern Pacific Railroad became the agency
responsible for turning the River back to the Gulf. The raiiroad
succeeded in 1907, and measures were taken which, Tt was hoped, would
keep the River flowing towards the Guif "at all future times'., VWhen the
River was turned back, Salton Sea had reached an elevation of -195 feet,
reaching the present community of Mecca., The level immediately began
receding,

in weathering is the grinding of rock materiols, particeulerly with the
earrying of rock delris as bed load in flcods, The construction of dams
all wp and down the Coloredo River has been quite effective in reducing
the energy basic to fload flows, and thus In a snall way, has decreased
nature's production of salts, That is really the only mechanism obsarved
that man has affected inge procuction of salts,

The second aspect of the salinity problem ig concentration of salts
because of cvaporation aind evavoirvanspiraiion, wherein pure water is lost
from the Liquid to the vupor phase, and all salts are concentrated into
the remaining water. Water development greatly inersases the water
surfaces subjoct to cvaroration. Also, on thz Colorade River, with the
mors amtferm and sustataed Jlow of developmant, there has been a tremendons
tnvaston of wiwectophytes that never emisted in nature, This further
inereases spapotranspivaiion, By far the grectest mechanism o concentration,
however, Ts irrigated agriculfure. Something beiween 40 to 90 per cent of
the epplied waicr vs loat to evarotranspiration, with vast areas involved,
Although realtivaly mincy now, tiere are urdon and indugstrial uses of water
on the Colorzdeo Kiver system, Eosteally, these add salts to the system in
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On Harch 10, 1924, President Calvin Coolidge signed an
Order of Withdrawal (Public Water Rezerve Mo, 90, California), involving
approximately 104,240 acres'. . ... in order that the lands affected thereby
may Be reserved for the purpose of crecating a reservoir in Salton Sea for
storage of waste and secepage vater from irrigated land in Imperial Valley,
California'., Unfortunately, alternative sections of land had previously
been granted to the Southern Pacific Railroad, since it was dry land when
the railroad was built., There had also been some withdrawals as mining
claims, howesteads, etc, Thereafter, lmperial irrigation District bought
such lands as could be purchased for a reasonable price below elevation
-230, and within its budgetary limitations. The lands that were in
private cwnership after that date are the lands that have created problems,
Some owners, apparcntly presuming that Salton Sea was simply a dump for
agricultural waste water from imperial Valley, subdivided parcels of land
around the periphery of Salton Sea., HMany parcels were sold and improvements
were made. Quite a number of these parcels of land, and the improvements
involved, have bezen inundated. Some day they mey be high and dry, with the
Salton Sea far sway. On the other hand, there may be more flooding. 1t is
not in the nature of natural sinks that the level can be closely contrelled
if they arc also the repository of flood waters.

Apparcntly, the greatest floods that modern man has
experienced in California were the floods occurring in the winter and spring
of 1861-62 (L3). The Central Valley became a lake'.....250 to 300 miles
long and an average of at least twenty miles wide.....'", After that flood,
the Sacramznto City Officials decided to make the sccond floors of the
dovitown buildings the First floors. There was so much mud and debris in
the streets that this was the only reasonable seolution, |t was also in
that winter that Goleta Harbor, near Santa Barbara, becamz a shallow lagoon
with a sand spit across its mouth, because of the debris carried down by
the Jocal creelis (44). Also, that winter, the Santa Ana River, both in
the Upper RBasin of San Bernardino and Riverside Counties, and in the lower
Basin of Orange County, drastically altered its course (45). Those channels
have ngt changed since. These events are pertinent because the runoff
from Coachella Valley's surrounding mountains, mainly the Whitewater River
and its tributaries, created a Salton Seca that same winter (U6)., Various
reports seem to put the length of that sea at something between 20 and 60
miltes, but it dried up rapidly (2, 1}. This event highlights the point
that man dozs not, and cannotl reasonably do so, control the level of
Salton Sea. Obviously, ever since 1905, man's actions have affccted the
level of the Salton Ses. However, this does not mean that man has full
control over the level, He cannot control sudden flood events, nor
entirely the gradual lesser availability of water.

contrasi to the agriculiural uscage (use of water jor cooling purposes
is a conswapitive use stmilar to agriouliurcl use),

Any concept of appreciably decreasing the weatliertng process must
be put into thz categery of hope, and not a reality. There is also
the concept of storing calts cn a river pasin system in perpetuity,
Thts vay be dzsireable for the shovrt term, bui can be disastrous for
the loag term (greater than noybes 60 years), The only real long term
solution to prebleus of salinity are to graanally reove upstraan for
the source of supply, cnd to allow tie lower rivers to gradually
beeeine more and more saline, In other words, get the salts to an
ocean, or other sink, as rcpidly as possible. --FILLSEURY,
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Because of surface twil water, and subsurface drainage
water from the lmperial and Mexicali Valleys, and because of natural
flood flows, the Salton Sea never completely dried up after 13907, Hewever,
there is evidence that, in 1917, the Sea supported a good fishery (1), In
1932, however, the level of the Sea was apparently at about =245 feet, and
was too saline to support much fish life. This changed as soon as the main
All=American Canal was completed., The most important cause of the rise of
the Salton Sea levels occurred because of betier economic conditions,
Better farming and irrigation techniques, Vorld War t1, and following years,
These latter factors contributed to the rise, as well as unanticipated
heavy floods. The Sea level as of mid-March 1978, was at ~228.3 feet
although the asual summer drop is anticipated. This is the highest level
since 1907,

With rise in water surface in the early 1940s, there was
a great deal of dilution, and the Sea was again ripe for fish 1ife. Mullet
reappeared, Shortly after World War I[, the California State Department
of Fish and Game announced through the media that, because of the dilution,
thare could be at least 20 years of fish life, and that they intended to
stock it with desirable ocean fish. They did, and the propheccy has been
fulfilled, although today the salinity is in excess of 37,000 ppm as tds.
It is known that, in the past when the Ses became too salty, the fish
disappearcd. That day may again be fast approaching.

There was a movement looking towards the dividing of
Salton Sca into two bodies of water with a levee system (11). The least
saline waters of New River, the Alamo River, and the Cloachella Valley
Stormuter Channel would {low into the First body of water, Then to keep
the salinity in the first body rather constant, water would be released
by gravity, or pumped as necessary, into the second body, The second body
would be the sink wherae salinity could rise unchecked {11). Technically, the
project is feasible, assuming that man has sufficient control to keep the
tevel reasonably constant. The basic question is: Whe would pay for this
costly endeavor? [t would not be reasonable to ask the farmers to pay who
use it as a sink, which it naturally is. Since the sport fisherman who
would benefit represent an infinitesimal portion of the total population,
neither the state nor federal governments arc anxious to pay. Who would
pay?

There is one more matter that should be mentioned.
Looking towards the mid-1980's when the Centrsl Arizona Project will come
on the line, Californiz users of Colorade River water must learn to use
a Yot less. Even now, Imperial Valley farms, utilizing the more precise
laser beam levelling technique, are rapidly grading their fields for "'ievel
irrigation'. Level irrigation means that a large arca is made precisely
level. Highly efficicnt irrigation can then be accomplished by simply
fil1ling such basins rapidly, usually from several locations simultaneously
around the tevee periphery. The water, being shut off as it is being moved
to the next such basin, is allowed to sink gradually. The technique is
adapted to furrow irrigated row cvops as well as all typass of field and
orchard crops. This provides for the elimination of tail water. The
future can only bring less water into Salton Sea, and the level will
probably start to drop. This will cause the salinity of the Salton Sea to
rise rather fast, and will drain the few open ditches in Coachella Valley,
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The existence of fish in Salton Sea will continue to be a rather temporary
thing, as it alwsys has becn paturally. The same holds true for the
District's open ditches. It does appear that we are reaching the end of a

fish cycle,

D. Water Flest Through Unsatuvated Soil

Plant roots require aerobic soil conditions to remain
healthy. (A notable exception is rice, not grown commercially in
Coachella Valley.) in other words, plant roots requirc a source of soil
air, as well &s nutrients and moisture. The movement of moisture in soil
can be characterized as cither saturated or as unsaturated {12), If
saturated, the soil water is under a positive pressure, and there is no
air, except for tiny bubbles of entrapped air that are not displaced (13,
14). Wilh unsaturated flow, the soil water is under a negative pressure
or suctton., \Vhen waler moves, it is sucked along by capillarity. Thus,
the soil water exists as films around the individual soil particles, and
as wedges betucen them. In this environment, there is always soil air,
and the interface surfeces between scil and air are tremendous in area.
Also, as soil dries out, the water is replaced by air. When there are
changes in barometric pressure, the soil breesthes. The same thing occurs
with wind - the drag of air over the soil surface causes soil breathing.
Thus, irrigation, and the subsequent drying out, provides a far superior
environment than found elsewhere in nature, or in the works of man, for
decomposition and oxidation of all exotic chemicals and other organic
materials. This applies to all pesticides, the wastes of man and animals,
and about everything else except salt and heavy metals. There is no
other enviromment that cen approach the decomposition capabilities of
the unsaturated environment, and this is why ground water is normally
free of pathogens,

One cther thing should be mentioned in respect to the
unsaturated flow of water in soils. When o lerge body of water is porided
for some peried of time, the water tabie characteristicaily rises to the
surface, and there is only saturated flow of moisture downward. On the
other hand, with the ivrigation techniques of agriculture in an arid
environment, and with agricultural drainage, there is always unsaturated
flow,

E. HNutrients in Soil and Vater

Nutricnis are those elements in salts that are
absolutely essential for all plant growth, FPhotosynthesis, by which plants
convert the energy of the sun into the organic matter that is required
by all plant and animal life, is limited by the nutrients than can be
obtained. Without the nutrients, thete would be no life what-so-ever on
earth,

There appear to be two objections to nutrients in water:
(8) MNutrients encourage the growth of the blue-green algae on the surface
of water bodies, These are the light weight algae that tend to form scum
on the surface. This scum may be blown to the shores where its
decomposition can create odor problems. (b) The green algae grow in the
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surface and near-surface waters, and, as they die and drop to the botton,
their decomposition robs the water of its dissolved oxygen (DO), creating
an anaerchbic condition not desirable for benthie animal life. The
benthic life is often the food for fiwh, and sport fishermen want the
enviromment optimized for the production of the ¥ish that they desire to
catch,

Some jnsight into these concents is in order. Excessive
growths of the biue-grean algse probably shouild be avoided (47) because
cf the inhibition of diatoms, but the role of these algae in pature is to
fix nitrogen From the atmosphere, thus enriching the nutrients available,
(Hitrogen is the most comion nutrient lacking in nature, applicable Lo
all of the oceans, and to the greater part of the lard.) On the other
hand, the green algae serve to initiate the aquatic food web. Some
fish are maintoined by catching Insects flying over the water surface,
and by oryanic detritis washed into vater bodies from land. But, most
- fish are dependent upon the agquatic food web. In this regard, Shapiro
of the University of Minnesota (15) has demonstrated by tests using
clear plastic bags suspended in on euthropic Minnesota lake, that the
vater where blue-grecn algae are dominant can be converted to
acsthetically desirable green algae water hy: (a) adding nitrogen
compounds to the water, (b) adding phosphorous compounds to the water,
and by (c) asdding €0, to the water. The tack of €0, in eutrophic waters
may be the key problim, but certainly nutrients werg a#lso needed with the
waters Shapiro worked with, :

[f there is a lack of dissolved oxygen (DO) in the benthic
waters, there would also be a lack of C0,, because the aerohic decomposition
of organic motter demands oxygen, and giVes off (0., This gives credence
to the concept of minimizing nutrients in waters to6 minimize algae, so
there will not be dead algne to pile up on the hottom. ©On the other hand,
it there is a good food veb in the water, the benthic 1ife is a vital
part of that foed veb, and upon which many fish depend. Therefore, it is
the DD of the bottom waters that needs correction, not the suppression
of green algal ‘growth. In particular, urban liquid wastes, even with
considerable treatment, are low in DO and often still have some biochemical
exygen demand (BOD),

It should be peinted cut that the effluent from tiie
drainage has passed through upsaturated oil with considerable degradation
of pollutants, and is well aerated. This is generally not true with
urban wastes. Even if these are run into percolation ponds, the water
table can be expected to rise as a mound and to deny any unsaturated
{ 1o,

With irrigation of agricultural crops other than rice,
there is always a layer of unsaturated soil that water must percolate
through, That fact Las given rise to a new method of treating the liquid
wastes of the several types of animal concentrations (feed lots, dairies,
chicken operations, hog operations, etc.) A large pit is dug into which
the raw winstoes are dumped or vashed., The solids in those wastes seal the
bottom and sides of the pit, proeventing ground water confamination. Vhen
irrigation takes place, the wastes are pumped into the irrigation water
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in such mannur as not to exceed 10 oy 15% of the irrigation supnly,
There are a few crops that cannot be to irrigated, particularly root
vegetablaes., Howaever, it does put the solid and Tiquid pollutants in the
ideal envivonment for decomposition-and elimination. The nutrients
fertilize the crop, and the decaying organic matter improves the
structure of the soil. With irrigation, there must be flow through
unsaturated soil, and additionally the soil dries out between irrigations,
Human sewage is generally less concentrated than animal sewage, but
thore is no rveason why this technique would not also be suitable for
huoman sewage. The oniy treatment would probably be sand removal and
grinding of the influent., There is no doubt that advanced tertiary
sewage trealment, followed by modest chlorination, hes corrected many
problems, except wvhen there are cutages - and oulages are common = butl
the above is an alternative suitable for urban developments in or near
irrigated agricultural land.

Finally, in recent years there has been a tremendous
amount of federally sponsored reseaich on ways and means to
substantinlly reduce the amounts of nutrients in waste waters. For
some years the effort was concentrated on phosphorous, and present
efforts have concerned nitrogen (33, 34, 35, 36, 37, 38, 39, 40). The
valtue of such massive concentrated research is guestioned, as well as
the concern about nutrients in waste waters. Vists and Wadleigh present
a vwacll balanced view on that and other |tems. {h1).

F. Pesticides in Soil and Water

Under nature, pradators and the food or nutrient supply
keep the insects, birds, animals, fungi, diseases, and weeds in checlk.
Han's agriculture has drastically changed all that, having drastically
increased the food supply available for all types of life. Because of
agriculture, we have had a dramatic increase in pests of all types that
nature previously kept in check. A few examples:

--The periodic swarms of locusts that sweep broad paths
through nations, destroying all vegetation in their
paths,

~~The monkeys in India that destroy much of each crop.

-~The coyotes in the United States where they find
lambs to be "sitting ducks' as s food supply, in
comparison with the natural fleet animal 1ife.
The population of coyotes has probably at least
tripled in this new environment.

—~The inscots that plant their eggs in apples, beans,
grains, dates, and many olther crops, so thal the
tarve, when they hatch, consume a significant
part of the crop and/or make it less palatabie.

--The birds that, -typically, do not ecat all of some

crops, but do eat holes in fruit, grapes and
other crops, making the fruit lcss palatable as
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vell as greatly decreasing vields. Birds partially
compensate by eating vast amounts of grubs and worms.

~-The weeds thal will rob almost every plant crop
of nutrients, moisturce, and sunlight unless
diligently controlicd.

Han, deminantly in the United States, has been able to
control, but never eliminate, all of these pests by the use of pesticides.
This has enabied cur nation to lead the vorld, vencrally, in agricultural
productivity. There has been a several fold increase in the quantities
produced, and an immeasureable improvement in quality. [t is in
agriculture alone that there is any scmblance of "Balance of Trade',
greatly lessening our devastating inflation. This inhanced productivity
has substantially raised siandards of living, and has given man a
tremendous amount of leisure time,

. There has always been a scientific endeavor in the
United States to develop ''bialogical controls" for all types of pests,
This is paratlel to, and well coordinated with, the pesticide approach.
There is altways the hope that biological controls will minimize the
pesticide approach, but hiological controls are slow to develop, and
have many shortcomings. Pesticides are expensive to develop, and
expensive Lo apply. HNo Tarmer wants to use them, but must use them
if they are to stay in business. Further, the pests controlled by a
particultar pesticide generally become ineffective after about 10 to
20 years, heccause the pests become immune. That means & constant
strugyle to develop now pesticides to which the pests are not ifmmune.

There has been another developmant, starting about
25 years ago and subsequently accelerated, that has added 3 new
dimension to the delection of pesticide residues throughout the
enviromnznt. This development has been the discovery end improvement
of sophisticated cquipment to indirectly determine trace amounts of
pesticide residues, and other chemicals, in several parts of the
environment. Several types of recording chromatographs probabily
dominate this field. The amounts thet can be detccted are so small
that they must usually be reported in parts per billion (ppb), in
parts per trillion (ppt}, or in equivalent metric units.

These new techniques have opencd a whole new realm
of somewhat dubious information. Laboratory experimenis are set up
under which mice or other animels are fed a diet with some of the
chemical added to the food to see if the chemical might be
carcinocgenic. The preblem is that the concentrations of the chemical
in the food is commenly at least several hundred times the
concentration found in water, in the flesh of {ish, or in other parts
of the environment being tested. To say that the tiny amount found
“might! be carcinogenic may be technically correct. However, it is
reatly exploiting man's fear of cancer, and is hardly ethical.

Particularly with the long~lasting chlorinated
hydrocarbons such as DOT and chlordane, there has been a surprising
lack of proven harmful effects to humans., While it might be true
that there have been adverse health effects to a few people, those
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same pesticides hove been effective in preventing malnutrition and
starvation deaths tou many millions of people throughout the world.

There is the charfje that, while pesticide applications
may be necessary from time to time to preserve scme crop, farmers have
a tendency to undertake pesticide application on a routine basis whether
or not really needed.  Such practice vould put more residues into the
envirenment than is sbsolutely essential. Since the costs of spraying
or dusting are emong the highest in farming, this charge is questioned.
While a farmer may routinely undertake spraying or dusting, it is
certainly based on good experience that tells him, if he doesn't, he
will not have a crop.

Anothoer problem with application of pesticides,
particularly insecticides, pertains to Lthe use of high pressure spravers,
With such a technique, it is inevitable that there may be many micron-
sized droplets formad, hese will not settle out, but drift around in
the atmoshphere until they grow substiantially in size by onec means or
anather. PResearch antomologists have long been concernad with this
problem, and have studied applicolion with a Toam and at lower -pressure.
Since there has nol bean a shilt to such methods, 1t is assumed that the
research has not been successlul,

Imperial Valley soils are predominantly very fine
textured Colorade River sediments. Infiluration rates of irrigation
water arce thus slow, end runs of up to & mile are common. The
resultant large sized fields are thus well adapted to aerial application
of pesticides. In contrast, the perwcable soils of Coschella Valley
vrequire that irrigation runs be guite short, and this is accentuated by
the far lower rates of flow inherent with a pipe distribution system
in contrast with laperial Valley's open ditch system. For these
reasons, drift of sprays and dusts into the drainage ditches can be
expected to be a far greater problem in lwperial Valley than in
Coachella Valley. Thus, in the absence of good technical data, it must
be presumed that drift of sprays and dusts into drainage ditches is not
a serious nroblem in th: Coschella Valley, and that the greater part of
any pesticide residues found in drainage ditch waters are more likely
from surreptitiously discharged tail water than from any other source.

AYl in all, use of pesticides has been remarkably
free from proven harmful effects. When there have been problems in
ismlated instances, thoere were wsually reasonable preventive measures
that could have been taken. While a few lives vould be saved, pesticides
do prevent malnutrition and starvation deaths of many millions of people
throughout the world. There is neced to put things in proper perspective.

The significant fact is that the vast interface
arcas benhveen soil vater and soil air existing with unsaturated flow of
walter in soil provides the best possible environment for the de-
composition of pesticide residues, whether or not they are truly
harmful to Lhe downslream environment (1G). The combination of
periodic irrigation with tile drainage provides Lhis environment (16).
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G. drrigation Hethods

Irvigation methods can be classified as surface,
sprinkler, and drip-trickle. Surface methods are where water is run
over the surface of the soil itself in order to achieve coverage of the
total land area required. With sprinkler irrigation, water is conveyed
in pipes with final application through the air from the sprinklers, or
from perforations in the conveyance pipe. With drip/trickle irrigation,
the water is conveyed in plastic tubing to each spot where it is applied
through emitters. With small row crops, a poerous tuhing may be used,
so that there is a line of soil wet. The drip/trickle system is best
known simpily as drip irvigation, but the term ‘drip/trickie! is often
used becausc the water uwsually emerges as 2 trickle rather than as a
drip. The term "drip irrigation” will be used herein. (Delivery and
use of irrigation water is governed by Ordinance 958, Exhibit E-9.)

1. Surface Irrigotion

Somctimes surface methods are classified as
either Turrow or flooding methods. Row crops are usvally irrigated
with furrovs. Furrous, with rov crops, are normally 2 to 4 feet apart,
so thera js usually, in Coochella Valley, sufficient lateral movoment
in the first foot ur two of depth of soil so that belor that depth
doaward movement in estentially the same as though the entire area had
been flooded. Whare because of either spacing of furvows or nature of
the soil, the dominant moisture movement is laleral yvather than vertical,
salts will simply move laterally with the water, and accumulate at the
outer fringes of the watied zone. 7To maintain roolzone salt balance,
the salts must be leached vertically downward to below the rootzone.

Another problem with furrows is that, to get the
water to the ends of the runs in a reasonable length of time, the
furrows have to be on a reasonably uniform slope usually between 0.2
to ' 1.0% {the Jatter is & 1 ft. vertical drop in 100 ft. horizontal).
Usually, vhen the water veaches the lower end of the run, thare has not
hean encugh penetrelion of water inte the soil a1l zlong the furrow for
an adequate irrigatien. Therce can be cxpected to have been more
penctration near the upper end, and near the lower end, than in the
middle portions. This means that water must be kept flowing all along
the run until all portions have adequate pensiration. An old method
of accomplishing this was to cut back the flow rate in each furrow
sufficiently to just maintain flow to the end of the furrow. Because
of high labor costs, Lhis mathod is rarely used today. A second method,
and one commonly uscd in many areas, is simply to let wasie water run
from the ends of furrows until adequate penelration has been achieved.
This is the production of tail water., A (hird method is to dig one or
more sumps al the Jow ends of cach field, and to punp that wiater back to
the supply through a pipeline. The pump can bo automated by float
contraul in the sump. This technique is being used increasingly , but
does entail use of more cnergy.

A surface method long used for aifalfa, and

other forage crops, is the border-strip method. With this, there is a
definite slope in the direction of run so that water flows readily.
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The strips are level across the slope so that wiater spreads evenly over
the width of the strip. There is usually some cross slope, so the
elevation difference, up to about 0.2 ft., is absorbed in the border
itself. The borders are low bivad tevees, such that the mowing and
other equipment can easily cross over them. Border strips have the
same Lall water problem that characterize furrows, and the solutions
are the samc.

f There are several basin types of flooding
irrication so designed that each bLasin is level or nearly so. Each
basin is filled to the depth desired with the entire flow available from
some type of & pipe system, or from a ditch, and then the next basin
is irrigated, and so on. E[ssentially no tail water is generated with
such basin irrigation. Contour basins are where levees are constructed
along each 0.2 ft. difference in elevation, and cross levees constructed
as needed Lo keep the area of each within limits. There are also
various types of roectangular basins, as adapted to the soil and
topography of the land, which generally do not produce tail water.

The most recent innovation is the adaptation of
taser beam technology to lond levelling. With the graater precision
achieved ol ressonohle cost, it is now feasible to make cach field
absclulely level. Furrow irrigatien of row crops, border strip
irrigation, end the vsual basin irrigation can be adapted to this. |If
larye flows can he made available, as in tmperial Valley, each basin
can be quite Tayge, with water often being admitted at several points
to each basin to minimize erosion. Thus, basins are quickly filled,
and then the Tirigation moved on to another basin vhile the water
gradually infiltrates.

2. Sprinkler Irrigation

- Sprinkier irrigation is being used more and more
in Coachelln Valley, although most frrigation is by surface methods.
Sprinikler systems can be classified as portable or permanent. The
formor use guick coupling aluminum pipe, and are moved after each
setting. The latter can use plastic or stec] pipz, and are simply
turned on for eacl irrigation, and shut off when the irrigation is
completed.  Such systems can be partielly or fully automated. A
variation that comes between portable and permanent systems is the
"solid set' system. Vith thesc, a typical portable system is set up
in a field os the crop is planted, and is not moved until just before
the crop is harvested (42).

The sorinkiers used by agricultura are almost
aluays of the slow-rotation type (often called "Rain Birds', but
since all patents hove expired, essentialiy all manufacturers produce
slight variations of them). The advantage of the slow rotation type
is that the maximon area par sprinkler can be covered, and low rates
of spplication are feasible. Originally, most siows rotation sprinklers
had two nozzles. Today, these are only used for portable systems in
nations where labor is cheap, and where soils are highly permeabie.
Such systcims are moved relatively frequently.
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A drawback of sprinkler irrigationis that the ~

cprinkler patterns are badly distorted by wind. Generally, irrigation
should be avoided when winds exceed atout 5 miles per hour (14PH) . Because
winds often do nol persist in one divection for 24 hours, the once-per-
day move systems are preferable vhere wind is a problem.

There are undertree sprinklers with special low-
pressure slow-rotation sprinklers in each middle between 4 trees. These
are geanerally portable systems, often hose-drag, the patterns are better
protected from wind, anu the uniformity of epplication is not as
imporLlant as with most overhead systems,

Theve are a number of types of travelling
sprinkier systems. The mosi common is the center pivot system, designed
to cover a cirele bounded by the square pncompassing 160 acres. There
are such systems with added sprinkler guns, presumably designed to
Fi11 in the four corncrs of the square. These are rarely satisfactory.

No centér pivot systems lhave been ohserved in the
area scrved with Colorado River water. ilovever, thore are said to be a
faw such systems, cach served by a weell near the center pivot, in the
Upper Vallcy.

Thare arc also travellina sprinkler systems
(parailel move) developed o cover a rectangular area, but these have
never been too popular. There are also roll-move systems with the
pipe mounted as axies of big vheets. Whan the water is shut off with
compietion of each run, the pipe auvtomatically drains. The unitl is
then wmoved laterally to a parallel new position by a lever~-ratchet
devise, or by a small gasoline engine, As soon as moved, the water
is again turned on. There ore also two units on wheels, these require
an adjacent opcn ficld. The unit is towed by tracior longitudinally
into the open field, and then towed back for a new position. Finally,
there are relatively small drag units, usually on hose for undertree
use. These are dragged by hand after cach setting.

With all wheel-move systems, the soil during
and right after ivrigation must be firm so that the units can be
moved easily. Nlo whenl move system shouid be used where the soil
ie saft or spongy during or right aftar irrigation.

Permanent or solid-set sprinkler systems are
often used for frost protection. Usually, the pressure should be
around 15 to G0 pounds per square inch (psi) at the sprinkler, with
the rate of application not over 0.2 in./hr. Frost prolection is
attained by the freczing of the water droplets on the plant and/or
the fruit.

Sprinkler systems commonly have devises so
that soluble fertidizers con be injected into the water. Also, in
Europe, it is common to have fungicides applied through the system.
Fven insecticidas have becn so applied, but rcgulatory agencics
generally frowm ot the practice. Al pzsticide application by
sprinkler systems is generally outlawed by regulatory agencies in
the United States.



Sprinkier irrigation provides an excellent mechanism
for leaching the soil rootzone of salts, since the wovement in the soijl
throughout the ficltd is vertically downwards. Vhen drip irrigated soils
must be leached, sprinkler frrigation provides the best mechanism for this.

With sprinkler systems it is almost always
necessary to use energy Tor pumping, except where water is provided under
adequate pressure. HMost overhead systems reauire a pressure of at least
40, and up to 65 psi. Undertree systems can utilize a pressure in the
range of 10 to 20 fect of water.

Sprinkler irrigation is rarely used for the
growing of seed crops because it tends to create a morc humid micro=
environment in and around the plants, conducive to more discase which
advarsely affects the seed crop. Crops grown for sced are slmost
always surface irrignted. (California's dry summars make it a favored
location for growing sced crops.)

Finally, with good desian, and good operation,
sprinkler irrigation should be able to achieve about 00% application
efficiency. This compares with &0 to 70% application efficiency for
surface methods. And, considering the variability and stratification
aof Coochelly soils, a top applicalion efficicney with surface methods
would rarvely exceed 60%.

3. Drip irrigation

The concept of drip irrigation is that, if one
leeps the most active portions of the roolzone with moisture at Jow
suction levels by frequont applications, it is not necessary to wet
Ltoo high a percentage of the total soil rootzone. \lith crops such as
trees and vinas, thore are generally 2 to 4 drip points per plant, and
with small row crops o type of porous hose is used. With the latter,
the lateral hose is genarally discarded after each crop, although it has
been used for two crops. At each drip point, the soil wet is generally
shiped somcthing libe a corrot - with some soils, a rather thin carrot,
and with other soils, a rather Tat corrot. With the stratification
generally prevailing in Coachella Valley, the "carrot' must be expected
to have & most irregular shape.

A big advantage Of drip irrigation is that much
of the soil is not wel at all, thus decreasing evaporation from the
soil surface. This is important in spring and fall with deciduous crops
such as gispes. It is important with young plantings whose cancpy of

teaves dozs not intercepl most of the sun's radiant energy. It is not
important vhere there is essentially a full canopy of actively
transpiring leaves.  {(In Isracl, meny mature plantings of citrus are

being cumverted from drip irrigation to undertiee sprinkler irrigation.)

I'f drip irrigation emitlers are left on for too
Tong a period, there will be a great deal of movemant vertically down-
ward below the rootrzone, without putting much more water out laterally
within the roctzone. To obtain praciical information on how well drip
irrigation works at a given point, there should be some digging after
irrigation to determine the shape of the ‘'carrot't,
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fHE. AGRICULTURAL DRAINS 1N COACHELLA VALLEY

A. listory
The history of agricultural drainage in the Coachealla
Yalley has 1ts raots in the need for irrigation water. The Coachelta
Yalley County Water District was formed in 1818 hecause it was well
recognized that thare must be a new and larger supply of water than
could be made available from the groundwater resource. Further, it
was recognized that Tar more water was being extracted than replenished.

Somztime before 1932, R, W. Blackburn, President of the
Bistiict, beogan contacting people of the University of {alifornia,
Agriculturcl Experiment Station, and the Y. S. Department of Agriculture,
to get irrigation studies started in Loachella Valley. This was intended
to provide information on the amount of water required. His firnal nego-
tiotions were with Professor Frank Adams at the University of California
in Berkeley, and with WMr. Harry Blaney, with the USDA in Los Angeles.
The final aareement was that the University would provide a Junior Irriga-
tion Engincer fo initiate the irrigation studies, and that money vould be
made availuble by the USDA for labor and supplies. Arthur F. Pilisbury,
then working for the Turlock Irrigation District, was hired after clearance
with thet District. Fronk Adams decided that Art Pillsbury should spend a
few weeks getting acquainted with the field and laboratory work underway
alt Davis, and then to spend a few days with Professor S. H. Beckett at the
Citrus Experiment Station In Riverside before going to Coachella Valley.
S0 as not to delay start of irrigation studies in Coascheila, C. V. Givan
aof his slaff was dispstched to Coachella to undertake the necessary
reconnaissance vk, Pillsbury arrived in Coachella sometime in February
1932, He was piovided with desk and drafting space in the office of the
Conchelle Valley founty Water Districl, and with laboratory space at ghe
USDA Date Cuperiment Stotion near Indio. Towards the end of the year there
was question, becouse of the depression, whether or not the studies could
be financed during 1933. Possibly the recall of R. W. Blackburn in 1932
had something to do with it. While Pillsbury was heme in Berleley for
Christmas, the decision was made to close out the loachella work.

in 1935, Sam Beckett, who headed the irrigation research

at the Citrus Experiment Station, and the irrigation teaching at UCLA,
retired. Professor Martin R. MHuberty, who had been stationed on the Davis
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campus, was sclected to replace him. Because the work in Southern €alifornia
necded expansion, a saparate Division of lrrigation fnvestigations and
Practice was eslablished at Riverside and Los Angeles. This required that

a younger man occompany Huberty. Pilisbury was selected, and proceeded to
close out an irrigation project that he was finishing in the Holtister area.
Pillsbury than drove south to Riverside, which Huberty had selected for the
original headquarters. The headquartiers was moved to UCLA in 1939 because
that, overall, would involve considerably less travel.

This is the background of the circumstances that permitted
resumption of the (oachella irrigation studies in early 1936, entirely
under University sponsorship. That same year, luberty decided that, with
the imminent importetion of Coleorado River water, a pre~importation study
of the hydrology of Coachella Valley would be of great importance later..
He persuaded Dr. V. P. Sokoloff of the Citrus Experiment Station to add
chemical expertise to the study; so Huberty, Pillsbury, and Sokoloff made
up the tcam.

A large part of the irrigation studies involved sampling to
a maximum depth of 10 Fest with the Veihmeyer soil tubes, The primary
purposce of this wzs to determine the rate of roisture loss at the several
dopths Letween irrigations. This work revezled that, because of discon-
{inuous and irregular stratification, temporary semi-perched waoter tabies
tended to form ismediotely after irrigation in the interface of a layer of
silt and clay dominated soil over a layer of sand. (As used herein, a
""werched water talble' exists when therc is no hydraulic connection between
that water table and o deeper water table. With a Hsemi-perched” vater
table therc is continuous gradual downsird percolation below the water
table, but at some depihs the flow is unsaturated.) This plagued the soil
molsture studies, necessitating frequant reconnaissance vork to find
locations where the problem was minimal, and to discard records which
indicatad the possibility of continued downward movement of moisture
throughout the period between irrigations. The results of the irrigation
vork werc published in 1941 {6). What is important here is that the
temporary semi-perchod water tahles indicatcd the near certainty that
drainage problems vould develop quite rapidiy after Colorado River water
was imported. This Tinding was reinforced by the findings of the hydrology
study (2).

The USDA was busy, ohout 1938, in establishing its U. 3.
Salinity lLaboratery in Riversida. Hol too leng thercafter, the Laboratory
hited 4. E. Christionsen te be its Drainage Enginecer. Christiansen had
long been on the staff of the U. (. Division of Irrigation lavestigations
and Practice at Davis, and had worked both with Huberty and Pillsbury.
It was natural, then to informally involve Christiansen with the pre-
liminary efforts on the potential drainage problem. Mr. E. M. Romberg
was then General lanaaer of the District, and was concerned that the steps
that should bhe taken bo taken prior to actual importation of Colorado
River waler. A fow yeosrs thereafter, possibly because of budqget or
procedural problens, the Salinity Laboratory decided that it nceded to
formalize the cooperation with the District and the University. The
Universily agreed to go slong with this formality, and il was accomplished
in 1945 by a Memorandum of Understanding. Because of the involvement of
the Burecau of Reclamation in planning the distribution system, and its
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desire to be involved with the diainage program, the Bureau was formally
made a drainage cooperator in 1948, About the same Lime, the District
and thz Bureau had concluded negotiations whereby the District assumed
all responsibility for all drainage construction, but with the Bureau

~participating in a1l drainage studies.

Another question was raised by Romberg during the early
stages of the informal cooperation on drainage studies (before 1945), at
that time there were many comparatively small and isolated irrigated areas
around the Valley. At no place were there any ditches to carry off any
tail water that might be generated. Generally, the farmers were desperate
for enough water, and used every bit they could get without any wastage.
| there were a few who did generats a little tail water, it was just
allowed to flow over vacant downstream tand. With the importation of
Colorado River water, more or less contiguous plantings would develop,
and farmers were visualized as demanding ditches into which to dump tail
water, as in all other irrigated regions. After much discussion, il was
agread thut the farmers could avoid tail water, and that the District would
not construct such ditches. This palicy would make ifrrigation a jittle
mare expensive for the farmers, but would pay of f in loater years. HNo
ditches deliberately dug for tail weter discharge have ever been built.
Today, there are stormwater channels and open drains that can be uscd
surteptiliously for tail water disposal, apd it is _probable that somez
farmers do so.

Within the above framawork, there appeared to be two
prossible meihods to accomplish agricultural drainage. One would be to
have a nebork of relatively shallow wells, some of which could be dis~
charged, at least part of the time, inrto the distribution system, so
diluted @8 not to affect salinity Lo an appreciable cxtent, If of high
salinity, the effluant could be piped to @ stormwater channel. The other
method would be regular tile drainage. The farmers would be responsible
for installing the Tarm tile, and the District to install the conveyance
pipe ta pick up drain effiuent from the low corner of cach 80 acres.

Techniques for water table observation. The first order
of businzss, in any evont, was 1o cevelop a technigue for quick observa-
tion of Lhe water toble, and the changes in pierzomelric pressure with
depth. ihis was nucessary to evaluate the performarice of drainage wells
of tile drains, and to monitoar groundiater conditions throughout the
trough of the Valley. A jelting tschnigue was suggested by a Mr, James
[. Laslay, manager of the farm where arrangaments had been made to drill
an experimental drainage well (17). later, in Lhe process of developing
a rig to make tha jotting technigue gquicker, and not requiring such a
large crew, a vibrating method vias tried. Thic was not satisfactory.
Thercfore, a mechanized technigue was developrd to imitate the up and
down hend technique originally suggested by Mr. Eastey (18). This rig
vias hiahly succnssful, and eventually resulted in the installation of

a networl of piezometers throughout the Lrough of the Valley on a half-
mile grid. This also permitted evaluaticn of the effectiveness of all
experimental drainage wells, and of drain tile installations.

. The U. §. DBurenn of fRoclamation came into the picture
when the experimental drainage well program was underway, but there was
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no nelwork of obscervation wells or piezometers throvghout the Valley.

The first sugnestion of the representatives of the Burcau was that they
had a Failing hydeaulic-rotary ¢rilling rig, vith a cove barrel attach-
ment, that was just finishing an assignment elsewhere, and could be on

the job in Coachella in short order. 1t would drill & inch diameter holes,
to be cased with 2% |.D. asbestos-coment pipe {AC pipe), and gravel packed.
The represcntatives claimed wonderful results with this rig. The bottom

5 to 10 fr. could be perforated with & in. dritl holes. Decision was made
to utilize this rig for a 2-mile grid of wells in the trough of the Valley,
and 42 of them were drilled. These could be comparcd with adjacent
piezometers, and offered the pussibility of obtaining core samplies, and of
obtaining water samples for chemical anaiysis.

The ohservation wells, The cores from the Failing drilling
rig vere good for silt and clay, but essentially no sample was obtained in
sand or gravel. As to water samples, the first thing discovered was that
(e chomical characteristics were altered by the AC pipe, and rhat pumping
at shout 2 gpm fur 6 hours was necessary to overcome this, Only 19 weltls
could Le pumpcd by suction; so a jet pump was developed and constructed to
pump the others. Part of those not pumped Ly suction wzre essentially
too dry or had too little water flowing into them to obtaln & good sample.
The water sampling program was not very successful. For the Failing wells
as a whole, they cost §$1.50 per foot for drilling and materials. With all
of that cost, they did not add materially to the study. In all, L2 had
baen drilled, and there was no desire that the Burcsu return the rig to
the Valley.

The piezomclers. In contrast ta the observation wells,
the piczomcters were highly successful.  Each one hivi (o be developed
to remove drilling mud that had to be used in coarte sand, and to assure
good hydraulic contuct with the ground water. This was done with a
small hand pump with a length of plastic tubing attached to it. First,
a jet of water was directed to piles of silt and clay put around each
piczometer, so as to Till and seal the annular space bhetween soil and
pipe. Then, the tubing was inserted to about the bottom of the pipe,
the hand pump operated as necessary to hring soit and mud to the surface,
and to open a small annuiarhole at the bottom of the pipe. The tubing
was then quickly withdrawn, end the water level sounder inserted. The
flushing out would have raised the water level in the' piezometer, and
the rate of drop found with the sounder was the evidence of good hydraulic
contact with Lhe soil water.

The prablem of obtainihg geod stratigraphy with the
Failing rig has boen mentioned. Vhile somewhat qualitative because
therc woere not exact textural corrclations, the stratigraphy {or logs)
obtained with the jelting rig were most useful, and fer superior (18},
Gecause Lhe stratigraphy did vary so much from location to location,
its usefulness was somewhat limited, but it did serve a most important
function.

Studics of drainage walls, By putting several piczometers
at each location, cach Lo a different depth, information was chtained as
to verticol hydraulic gradient at that lecation. Such groups of piezo-
meters verae placed at various distances radiating out from each experimental
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well, These permitted determination of the hydraulic efficiency of the
well in removing ground water {rom aquifers at several depths,

An hydraulic rotary ‘drilling rig appeared to best suit
the conditions for a drainage well in Coachella Valley. Therefore, the
District, w/ith the approval of the Drainage {ooperators, engagad a
commercial driltler, and eventually two wells vere drilled. Drilling
technique, and screens used for the second well, were varied to overcome

problems with the Tirst well. Finally, 1t was concluded the good hydraulic

afficiency could not be obtained for the 0 to 50 feeatl depth, bul good
efficiency was readily obtained for depths over 50 feet. 100 feet was
the maximum depth of well attempted.

Next, well points were obtained to explore the possi-
bility of pumping only from depths less than 50 feet. Well points are
designed to be driven in, but with the sands found in Coachella Valley,
driving did not work. Thereforc, a jelting technique was developed,
end the vell point was inserted into the hole after jetting. This did
work, and several trials with well poinls were made. While nothing
spectaculnr was lesined, there wos cufficiont encouragement to try a
dug well in the Ousis ares, the most likely area for wells to function
satisfTactiorily for diainage purpnscs. Thercfore, well number 7 was dug
with a clamshell, and large diameter concrele pipe uas placed vertically
as soon as the vatcl table was approached. Thereafter, digging was from
within that "easing''. Lontrolled pumning aftler completion indicated
that Lhe well would be a good producer, but, unfortunately, maximum
pumping vas undertaken bafore the measures planned to prevent caving
were complaoted.  The vell suddenly foiled, material from outside the
casing pushing up inside of the casing. Despite everything done there-
after, the well could not be made Lo produce o good flow. However, from
oiczomater information obtained, the indications were that drainage by
punping would not affect the water table over a sufficiently large enough
arcns 1o moke it cempolitive with tile drainage. Therefore, no more
explorations with puwp diainage were undertaken.

The piezomcter netunrle. As previously mentioned, the
pigromster neivark was astablished on a half-mile grid throughout the
central tiough of the Valiey, where it appeared possibie that drainage
problems wight arise. Ths depths of individual piezomzters in each
cluster vas determined by the stratigraphy ohtained with the first,
which was always the decpest. [f the depth-to-water condition so
indicated, tho shallowest was about 10 fect below the ground surface.
When rising around water so indicated, new, shallower piezomelers were
later installed as water levels rosce. The piezometors normally, wuere
read once a month, but, where the water tahle was rising rapidly, they
were road onco paroveek.

This schedule permitted cach landowner Lo be notified
vhen Lhe water table under his land approached 10 teel from the
curface. Gf coursc, it wns not prebable that there needed to be
drainage at this depth, but the early notification obviated the nced
for installers to Lry to work in soturated soil, wliich is both costly
and unsatisfactory in Lrying to maintain grade. Further it gave the
landowners time to gel the contractor scheduled for the drainage
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installation. Also, tha District used the information to schedule
placing of the drainage collection system, which had Lo be completed

to the low corner of cach 80 acre parcel when the farm drainage work
started. This arrannocment worked guite smoothly and problems of
walerlogging and salinity vere generally prevented before they occurred.

Des lqp%fﬁ;}llc drains. £quations have been developed
that permit a rotionsl design of tile drains {19). These require
determinations of the hydraulic conductivity of the soil and are
generally undertaken utilizing an auger hole technique. A number of
such determinations vere made by the Drainage Cooperators, and those
showed conclusively that hydraulic conductivily was so extromely variable
that a rational design would not be effective. The policy, then, was to
recommend to farmers that their tile lines be to a minimum depth of 6
feet, (later increased to 7 fect), and that Lhe spacing hetween laterals
be at the widest proboble range of adequacy. Then, if drainage was not
fully adequate, they should plan to "split the lines'', i.c., install new
taterals hall way bobween existing laterals. Splitting of the lines
seems to be still going on, heore and there.

Scman'tratlpqmgivkilgwgiglgquﬁlef0|m ince.  There was
one farmey in Coachella Valiey fairly close to the Coachella Canal who
had long been short of well water. Under this inadequate irrigation
regime, another project (6) just happenad ta have shown that part of
his land had a woater toble depth of 7 te 9 foet below the surface. In
1948, he had arranged to install a temporary pipeline of his own up to
the Canai, which had just been completed. This enabhled kim to have an
adeguate supply for the first time. Very quickly therafter, somes of
his orchard trers began to show distress, and the arca coincidad with
the earlier aren of high water Ltable. The cooperators agreed to instail
a small notwork of piezomzters to learn where the water table was. VYater
table contours draun on the basis of this information clearly outlined
the problem arca. Sowme deeper piezometers jetted in for information on
stratigraphy clearly indicated that pump drainage would not work here,
even though Lthe punp drainage studies had not been started then. At
that time the Cooporcioers vare not sure if there could be a rational
design, so simply planned a sheleton tile drainage nctwork, and the ouner
vas advised that he probably would later have to have closer spacing of
laterals. The amer enuaged a drainsge contractor from Imperial Valley,
who installed the skelelton network of tile drains. This system, as
indicated by the piezometers was most ceffective, although there was
indication that perfoermance would be better with closer lateral spacing,

Cificinncy of tile lines. Quite o few farm tile systems
did not function as woll as they thearetically should, and most of these
prublems came Lo the atiantion of the District. The Bistrict referred
them to the Brainage (ooperators. Goenerally, when this occurred, picro-
mater evidence showed Lhal the water Jevel in the fiiter material around
the tile was far hinker than the water level in the tile. Wetting
expansion of the tile itself could have tended to close the joint openings.
This waes investigated (20), but found not Lo be the problem. Inspection
of the tile joints shoved them to be filled with relatively fine soil and
sand, which should have been excluded by the filter. The pit run material
selected for the filtLtars by the contractors does generally function as-a
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the installing operation, small piles of fitter material are
geatlered along tho route of the tile machine, to be picked up with
a scoop os the installation progrusses. Invarably some soil is
picked up with the filter material. Both Lhe contractors and the
farmers know of the importence of haviong clean filter gravel. Also,
in Coochalla Valley, a true filter, rather than simply an evelope,
is requivad. It should about conform to the ASTH specifications

for concrete sand (21) . But, this is an area of contract between
the contractor and the farmer, and the Nistrict has no controt.
Incidently, there is further informalion now available on drain tile
performanze {22).

RCC]”miklﬂirﬁijﬂ]lﬂ” tands. ‘The importation of
Colorado River waler does meoan, for purposes of economy, that the
arca served must bo contiguous rather than to have the previous
rather isolated islands of irrigated agriculture. This meant that
the dominant arca of salt affected lands in the central trough of
the Valley should be reclaimed. The Droinsge Looperators undertook
studies to determin: how this might best be done (23)., 1t was found
that it took about onc feot depth of water to remove 80% of the
salts from cuach font dupth of sofl. Vhere there was also high boron,
it would talle zhoutl thres timas as much water for similar reclamation,
The'Districe did sot up gpecial water rates for reclumation, There
had been suggestions that periodic {iushing might remove part of the
salls, so that thesa saits would nol have to be moved through the
soil profile, as with leaching., 1t was found that, although salt
concentrations were far higher at the surface, and that these could
Lbe teomoved by flushing, the extra effort required for flushing did
not remove cncugh of the salt throunghout the profile to make 1t worth
the offort (z4,23).

Demgnstration nf tile drainage and roclenation.  There
was o highly saTine and sodic s0il arcas with dominantly fine textured
seil of (he Woodrow series in the lower Gasis ares. There was a
drainage contractor who said that he would buy the land, and go to
the expenne of reciaamtion, if the Diainage Coopurators would advise
procedure, and monitoer the vork, and if thu District would provide
the leaching water. Tihe cooperatoys agreoed to go ashead, as did the
District. first, a series of hydraulically isolated plots were esta-
blished Lo cohtain a poraspective on procedures. When this was done,
the entire field 1S to be reclaimed following the procedure that had
Leen demenstrated by the plots:  f{a) Ditches were dug to permis
preliminary drainsye Lefore tile drainage vas undertaken, The water
table was so high that, without this, tile could not be installed.

(h)  Vhen the wvater table had lowered sufficiently, tile drains were
placed throughout the entire field, The {ield wac decp plowved to
break vp the grest smount of stvatification above the tile. Vhile

a little deepar wvould have been prefereble, the owner vas only able
to deep p]nw to & feet. (¢) Finally, thix land was ponded until
sulficienlly reclaimed Lo plant a salt tolerant crop. {d) The
ovmer complutcd reclamation giroving that and subsequent crops.

B. ‘lhe Existing Systom

For over 12 years now, thore have been some 35,000
acras served by well over Z,200 miles of farm drains. To serve
this area, the District has installed 163 miles of pipe collectors
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SALT BALANCE FCR _COLORADO RIVER WATER [N COACHELLA VALLEY, CALIFORNIA

TABLE 11

in both inflow anag outflow.
difference in the balance.

i)
g
- (From records of the Coachells Valley County Water District)
Total Bischarge of -3
Drainage Water fotal Salt Movenment in Tons x 10
Yer Ac, FL = 103 Inflow Outflow Balance
1970 127.0 358.8 333,8 + 27.0
1971 13h.0 357.3 370.9 - 13.6
1572 1h6.1 361.3 359.8 + 21.5
1973 152.8 395.8 358.6 4+ 37,2
1974 1hid, 3 h23.h 385.8 + 64,6
1475 POk 4 4340 483, 1 ~ 48,5
15710 167.7 L00,6 364,04 _+ 36.2
NET +i24 .4
o
Hove fn Table 4 of publication no. 22, salts In the requlatory waste were included

Those salts are excluded above, but it makes no



for the form systems, and 21 miles of storm drains, and other open
ditches Lo connect the collector system to the Salton Sea not including
the Coachella Valley Stormuater Channel. Because of the high level of
the Salton Sea, a number of booster pumps have had to be installed at
the ends of the collector pipes, particularly in the area southeast of
Hecca, to get the water into the ditches. The map (LVCWD Map No. 46-8)
shows the pipe collector system (solid lines) and the ditches. |t now
appears that the drained area is almost in a state of equilibrium, j.e.,
drainage is almost adequate to provide salt balance for the area within
the Colorado River service area (22, 25). The District maintains
complete records of Colorado River water and salts into the Valley, and
water and salts into Salton Sea. Putting the critical parts of these
records inito the same format used in Table 4 of publication Mo. 22 {See
APPENDIX A-Bibliography), the salt balance trends for the perjod of
1970 to 1976, are given in Table 11, following page 3-7.)

In the earlier years of tile drainage in the Valley,
there was a great deal of lcaching to remove long stored salts, Thus,
there was a "“mining'' of salts. In any salt management program, there
must be expected to be some rather permanent precipitation of calcium
carbonate, magnesium carbonate, and c¢alcium sulfate. Such deposition
does not affect salinity because those salts are too insoluble to
create salinity problems (26). This means that there can be salt
batance without the dats showing it. However, there does not appear
to be much such deposition in Coachella Valley.

C. _Physical Characteristics of Water in Open Drains

Only monthly records of temperature are made of the
physical characteristics of water in open drains. The only other
measurement that might be considered of importance is turbidity.

The water emerging from tile drainage collectors is
almost invariahly crystal clear. |{f there should be any turbidity
Tor a short period of time, it would mean that some farmer was
experiencing a filter failure at some spot in his tile drainage
system. This has happened, particularly with "subbing in'' operations
to consolidate the backfill over a new tile system. This does show up
on the farm over the tile line of concern. For the owner's own goed,
he must take immediate corrective actioh.

Many open drains also serve as stormwater channels.
Ft would be expected that, during floods, there would be considerable
turbidity. This is a natural phenomenon that is not under man's control.
Howaver, flood control activities normally involve efforts to detain the
flood flows, and this provides for the settling out of some of the
sediments before the ditches are reached.

Another cause of sediments results from gopher activities
on the banks of the drains. The sediments involved tend to dam the
ditch, and, when this occurs, there is no alternative buf to dredge to
remove the dams. This is necessary so that the drains will stil] have
the gradients to serve their drainage function, and so that the drains
will remain a good habitat for the vegetation eating fish that the
District periodically plants. The same thing holds for the sediments
caused by floods.
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The temperature of the water in the drains is
measured monthly when and where samples are ohtained for chemical
analysis. In this regard, the temperature of ground water tends to
remain much more constant through the year than does surface water.
There arc also some naturally heated ground waters found in Coachella
Valley. These are not found, however, at the depths of tile drainage.
The temperature of Lhe decper ground waters remain essentially con-
stont throughout the year, until it is discharged by pumps at the
ground surface. Temperature of the shallow waters intercepted by
tile drains does vary slightiy from sumaer to winter, but only by a
very few degrees. Thus, water in the ditches must be expected to
be cooléd in summar, and heated in winter by the inflowing tile
drainage waters. Thus, the water in the ditches is far more uniform
through the year than would be true if there was no tile drainage
inflow. This greatiy lmproves the ditches as a habitat for the
Fish. {Seca Exhibits USGS Water Quality Analyses 10/31/77 & 2/27/78
for 4 drains [1 to EB.) {Also see Table 1I1}. ‘

D. Chemical Characteristics of Water in Open Drains

The District obtains monihly samples of water from
some 21 stations on the system of open drains. Analyses are made
for electrical conductivity (EC), total dissolved solids (tds},
boron (L), colcium (ca), magreisum (4g), sodium (Na), potassium (K),
carbonate ((03), bicorbonate (HCD3), sulfate (504), chloride (C1),
nitrate (HO3}, fluoride (F}, and temperature (in degrees F). Compu-
tations are made of these for sodium-absorption-ratio (SAR), percent
sodium (% Ma), tds/FC, sums of cations, and sums of anions. SAR and
% MNa ore measures of the effects of the fons on soil permeability.
The EC/tds ration establishes a quick way to estimate tds from the
rapid determination of EC.

hs regards the EC of drainage watér relative to the

EC af the ivrigaticon water, and omitting the measuremants at the
mouth of the Coachella Valley Stormwater Channel because of dilution
with lower salt centent urban liguid wastes, the drainage water is
found to be concantrated by a factor of only sbout two. Normally,
with the more uniform and finer textured soils of other areas, a
factor of about I could be anticipated. Even though the soils are
so spatially variable, one would expect to find a cincentration
faclor somevhat greater than two. Bower (25) did find for the Valley
that, vherc a theoretical leaching reguirement of 20% was indicated,
the actunl leaching requirement was 30%.

The concentration of boron in the droinage water is
surprisingly low since many of the saline soils of the Valley were
high in boron. There is also a surprisingly Jow concentration factor
for boron. Onc uculd expect it to at least double, vhich it does not.
Boton, while an essential plant nubfrient in low concentrations up to
about 0.1 ma/l, problems can be caused by concentralions of somothing
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mare thon 0.7 mg/t, in irrigation water. This is because, with plants
grosing cn land, the boron readily moves vp throuah the roots to the
leaves, where it can go no farther. Water movement beyond the leaves
is in the vapor phase becausc of transpivation. Thus, it accumulates
in the lecaves until concentrations there are several hundred fold more
than in the vater. With aquatic plant life, there is no transpiration;
so concentration does not occur. Thus, boron is not harmful to aguatic
tife.

There is no undue increase in SAR or % Na in the drain
water, and that mcans that there is little precipitation of calcium
carbonate, mognesium carbonate, or calcium sulfate in the soil.
Because Lhere is Fluoride native to the area, there is a moderate
increase in fluoride, but not a harmful increasc.

There have been instances of high nitrate in Coachella
Valley ground waters. In one instance investigated above Point Happy
(2) the grower was advised to stop applying any nitrogen fertilizer.
In another irstance down near the Oasis arca, an entive citrus orchard
was killed. This was not investigated, but was reputed to be becouse
of use of irrigation water frem a well nxtremely high in nitrate. The
relatively high swall pockets of nitrate ground waters werc only
ohserved before the advent of Colorado River waler, and are of guestion-
able imporience today. Today, there are moderate amounts of nitrate
and phosphate (27) in the drainage waters, but no adverse effects have
been observed. There appears to be simply a good food web in the waters.

Lbout the only thing harmful that can he said about the
chemical characteristics is that it is teo salty for agricultural or

urban rouse.

E. Bacteriological Characteristics of Open Drain Waters

My, P. F. Merrin, Jr. of the Bureau of Sanitary Engineering,
California State Department of Health, has made a study of the bacterio-
logical safety for water contact sports of the District's open drains, of
the waters coming out of the tile drainage pipe collection system, and
around the northwsstern shores of the Salton Sea. in 1959 he made a
tantative draft of his report available, in which he tentatively concluded:

1. There is no indication that self-purification
or dilution has eliminated the hazard associated
with the undisinfected wastes in the waters of the
Coachella Valley Stormvater Channel. The high
coliform and fecal coliform IPN values indicate
the water is bactariclogically unsafe for water-
contact sports activities.

2. Most of the opan agricultural drains that were
sampled cannot be considered bacteriologically
suitable for water contact sports.

3. Half of the closad agriculitural drains that

vwere sampled containad water that can be considered
bactericlogically suitable for water-contact sports,
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. tr does not appear necessary to posl or other-
wise restrict the already limited recreational

use being made of the agricultural drains not re-
ceiving sewage effluent.

5. |t appears that a ratio of fecal coliform to
coliform bacieria within a meaningful range can-
not be established in the (ecachella Valley for
either the agricultural drains receiving sewage
effluent or the agricultural drains not receiving
sewage effluent. The magnitude of the MPN values
apparently has )ittie bearing on the ratio of
fecal coliform bacteria to coliform bacteria.

6. The area of the Salton Sea in the vicinity of
the mouth of the Coacholla Valley Stormwater
Channcl is considercd unsuitable for water-
contact sports on the basis of bacteriological
analysis wnd the known discharge of undisinfected
sevage to the channel,

7. 1he fecol coliform test more closdly metches
the known environmental conditions at the Salton
Sea then does the coliform test,

8. The near-shore waters of the Szlton Sea
directly affected by agricultural drains not
receiving sewage efflucnt can be considered
bacteriologically suitable for water-contact
sporLs.

9., The near-shore waters of the Salton Sea away
from the direct influence of agricultural drains
can be considered bactaeriologically suitable for
water~contact sports.

(Hr. lNerrin's draft report was only recently provided,
and it was not realized that the work had been done in 1969. The
California Department of Public Health and the Regional Water Quality
Control Board now reguire that sewage effluent discharge from the waste-
water troatmant facility site shall be chlorinated to reduce the coliform
count dovm to between 2 and 23 coliform per 100 mil, this requirement
varies depending upon the degree of public contasct with the effluent.

The limitations per 100 mit, which is appiroximately & fecal coliform per
100 mil (A0 times more strict than the Federal limits for sewage effivent
discharaa to surface waters.) These far more strict requirements, whether
justificed or not, raisc & question as to Mr. Merrin's Statement Ho. b
above.)

3-1]



The chlerination of liquid wasles going into channels
such as the Goachella Valley Stormwaler Channel can have a mixed effect
i there is any chloride residual. Such residual would have an adverse
effect upon the aguatic biota, damaqing the food web, and thus the
fishery (28). Also, many of California's “pristine pure'' mountain
streams have high fecal coliform counts, apparently imparted by
wildlife that wade in the streams while drinking and refresing. Thus,
there is question as to the effect that man has had upon fecal coliform.

Apparently, the same standards as to fecal coliform are
required near the outlets of the open drains of the District cven
though the soft, fine-lextured soils are not suitable for water contact
sports. There are sandy beacles to the south that are far more
preferable.

F. Pesticide Residues in Open Drain Waters

As previously mentioned in the text, pest}cide residues
in downstream waters primarily originate from surface tail waters, and
the residuce in tile drains would be expected to be guite low (16 -
this worl was done in the San Joaquin Valley rather than in Coachella
Valley, but this fact in no way impairs the validity of the results.)
Pesticide residue analyses were made of five grab water samples in
1976-77 from Lwo sites in the Coachella Valley open drains, analyses
macde by the U. S. Gozological Survey Laboratory in Arvada, Colorado.
The two sites of concern are on the Avenue 64 Evacuation (hannel, and
on the Couchella Valley Stormwater Channel near its wouth., The
pesticide 1esiduns delecled arce generally quite low, and are shown in
Table 111,

If treces of pesticide residue have gone through un-
saturated soil, those detected are very low, but continue long enough
so that grab samples collected ot two month intervals might have some
mefit. However, i the traces detected came from surface tail waters,
surreplitiously disclharged into the ditches, they are of wost
questionahle valuz. Under the circumstances, the District is certainly
not justified in going to the expense of patrolling the ditches. (if
the waters were Lhe property of the State, as claimed, patrolling
would Le the responsibitity of the State.) HMore recently, it has been
reported that the fiesh of one fish has been analysed for pesticide
residoe. While enalysis of fish flesh is a far better technigue, any
response must avait a reasonable collection of samples.

Any impairment in quality by pesticide residues in waste
woter depend upon what reasonable use is to be made of that water, and
Upon the concentration of those residues. Vhaen the level of Salton Sea
drops appreciably, and there no longer are fish, the Sea will be
simply the sink rhot it wos naturally, and any pesticide residues
represent no problem.



G. Qio%qgjcu} Control

1

The present fish thal the District is concerned with in
biological control are the Tilapia 711111, which the District purchases
and maintains to avoid costs inberent ia dredging and pesticide spraying.
There is considerable continuing expense with these fish. [fbiological con-
trol and research are inhibited the farmers may come to object to the tram-
pling of their crops, 10 the pollution left by fishermen, and to even paying
the District to maintain the fish controls, Then there will be no fish, and
full resumption of dredging and herbicide control will be required.

. Relatively few biological contrels of pests have been
found which man has been able to use effectively, but University of
talifornin, Niverside, scientists, working under a pirogram Tunded by
tonchella Valley County Water District, by Imperial irrigation District,
and by Palo Verde irrigation District, have Tound an effective biological
herbicide in the form of an East African iish, Ellﬂﬁiﬂmﬁiilijn(3])~
Prescnt California Fish and Games Commission policy limits the stocking
of Tilania zillii to the Imperial and Coachella Valley. {Sce Secticn
67171, Titia 1k, talifornia Adm. Code permiting Tilapia zijlji‘p1anting).

Other pozsibie vagetation cating fish are the l?}éﬁzé—zﬁﬁégﬂpigg_and the
whitle amur (Ctenopharyngaden idella). The former 1s not as talerant to
remperature as the Tilapia zillii, and the Tatter is banned in California
despite cxperiences in other states and the Panama Canal {53).

Thevefore, attention is now concentrated on Tilapia =zillii.
To date, these fish have been highly successful. AL first, they ate only
the plant life that they preferred (31). lowever, as they multiplied, and
a5 the prefered food becsme scarce, they ate all the vegetation that they
could manage. They even sle the small new shoots ailound Lhe periphery
of clumps of cat tails, preventing those clumps from expanding all over
the ditch. They eot any filamentous algae, and "mes't the grasses and
forbs growing as far as they can reach above the water surface. 1t is
noted that, where there are good populations of Tilapia zillii, thers
are also qood populabions of other fish, although there hasz bcen no
aquantitative research in this area. The clumps of vegztation such as
cat tails ara coentrelled, but not etiminated. Similarly, populations
of pupfish might be controlled, but not eliminated.

Decause of the success of Tilapia zillii, the District's
maintenance program has baen greatly reduced. Gensrally, it is limited
to dredging of storm channels after floods, and to situations where
there have beon heavy infestations of gophers. In both cases, the
clogging must be removed by dredging, to kaeep the ditches open for the
purpose for which constiucied, and to maintain an environment suitable
For Lhe {ish. C=cept for salt cedar and arrmazed, Lhe sproay program
has assentiolly cuesed, as well as most of the dredging. 1t must be
vemenburad thal selective spot spraying is caaential if the ditches are
to continue the functivn for which constructed {(31}.

The eperating personnel chargad with maintaining the
open drains believe that the Tish may be becoming more temperature
rolerant because they have survived the last two winters without much



restockipng.  Hermaily, the greater part of the flow of the open ditches
is tile drainage effluznt.  This is ground water that is coldar in
summer, and warmer in winter. Once it is surface flow, it starts to
approach the ambient air temperature. Tilapia zillii are completely
killed with two vecks exposure in water 120 to 130C. No one really knows
if the Tish will survive a really cold winter - the last two have been
relatively miltd.

fnothar observation of the operating personnel is that
the fish do survive in Lhe Saiton Sez, at least long enough to swim from
one drainage ditch to another. This conclusion wos reached because they
have baen vbservad in open drains where they had not been planted; so
apparently the salinitty tolerance may be greater than originally believed.

Finslly, attention must be directed to the fact that the
fish bave beon purchascd, planted, and maintained by the District for
its own purposes and in ditches belonging to the District. Therefore,
the District considors that anyone catehing the fish is poaching on its
property.

The alternative Bost lanagement Practice of aguatic weed
control could vell be controlled introduction of the white amur. A
species found only in the Siberial Amur River {53, 54, 55).

The procedure proposed is to expand the present Tilapia
zi11ii progiam described above to include the white amur at least in
The Coaciicila ¥alley. The program developed by the three irrigation
entities, is supervised by the University and funded by the irrigation
organizations and the Universily.

Thete is an institutiocnal problem to introducing the
white amur, i.e. the Department of Fish & Game questioned any research
project for the impartstion and planting of the white amur at the
present time even though the Conchella Valley is a ciosed basin and
would be ideal Tor & controlled research project. The State Department
of Food and Acriculture has recognized the heneficial uses of the white
amur in the conitiol of hydrilla (noxious weed) and has proposed the use
of this fish ns one of several alternatives in the control of hydrilla.
The white amer consumas hydrilla very readily. (53, Sk). Also the
State legislature has edopted AB 2110, nov a part of the stetutes per-
mitting the use of fish as a biological control of hydrilta. Some of
the advantages of the use of white amur compared to Tilapia zillii are
as follows: '

White Amur Tilapia Zillij
Concentration ol Tish plant 1012 per acre 1,000 to 1,500
Temperature tolerance 320F to 100CF GROF to 103°9F
Length of life & to 12 years 3 to U4 years
Mature fish weight o to 60 tbs. 3 to b Ibs.
Veeds consumad Wide variety 3 to b varieties
Amount Consumed 3 1o & body 1 body wt/day

wl/day

% Teble compiled from American Fisheries Society reports {53) et seq.



These two spacies of fish will survive tegether and by
planting both specias one may coimplemant the other. The concerns
expressed by the Department of Fish and Game in a paper prepared by
Ronald J. Relzon in 1971 {Inland Fisheries Adm. Report Ho. (71-14)
chould have been satisfied by more recent studies, experiments and fish
plants by the Arkansas Dept. of Fish and Game also by the Florida and
Texas Departments of Fish and Game. (53 to 56).

The California Department of Fish and Game is aware ot
these recent and tesied findings. The Coachella Canal lends itself very
vell to he used as e large agquarium. A 32 foot drop near station 300 +
.00 will prevent the migration of the fish to the Colorado River and the
lowest drainage on each point of the Coachells Canal and Distribution
system is tha Salton Sea. The white amur will not survive in the salt
concentration of the Salton Sea, thus presenting an ideal controlled,
research project location,

I furfher s2fequards are nesded to protect the Department

“of Fish & Geme a section of the Coachella Canal may be quarantined to

prevent any buman involvement of the white amur.

There is no air, soil or uater pollution hy the white 3
amur in controlling aquatic weeds. The Vhite amur will not causc of -
silt disturbence in the canal whan compaicd to the michanical removal.

bt might be said it is environmentaliy acceptabie.

I sufficient numbers of white amur are stocked in the
coachiclla Conal hundreds of KN of electricity, gollens of fossil fuel
and meny doliars will be conserved whzn compared to the alternative of a
mechanical removal of aquatic weeds.

Aquaiic weeds removed by the present mechanical mathod
acquired fossil fuels for uperation of tractors, KW of electrical power
Lo ramcve thz aguatic weeds atter they are torn free from the Caznal
Lottoem and sides, and manpownr LO operate the necessary equipment.

H. The NHecd for Urban Leveloprent to Avoid Agriculture

The necd to sustain a healthy agriculture has been
discussad. Also, urban man yearns for "greenbelts' Lo enhance his
environment.. e is finally learning that he cannot put atl the land
aside for grecnbelts that he desires when that entails tremandous costs
for davelopnent ard upkeap. Therefore, he is turning his eye to
sqriculture to put the concepts of greenbelts on a productive, sustaining,
and "frec" basis (29). Holhing has meant more to the cnchantment of
Coachella Valley thon its date gordens. The grapefruit, other citrus,
and arapes follow in short order. Also, the forage, truck, and field
crops are imporient. Urban man valtues these greenbalt amenities, and
it hardly mokes sense {or him to destroy them,

Another Taclor should be mentioned. Tilte drainage makes

land arable rather thon it being salt encrusted wasteland.. Tile
drainage systems require careful maintenance and supervision, and land
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without such systlams is not readily cvenvertable to urban lends cven i f
comevhal: maintensnce can be continucd. There have been serious
probiems in lmperial Valley when urban development encroached upon
tile drained lend. Thus, the trend tovards urbanizotion should not be
allowed Lo encompass present or potential tile drained agricultural
land. This would be severely adverse to the qguality of the urban land,
as well as detrimental to agriculture,

b



IV. AGRICULTURAL SURFACE RUNOFF

A, Mistory

Essentially all of the soil of the floor of Coachella Valley
is recent alluvium, extremely and irregularly stratified and wind modi fied.
The soil really describes the history. Flood vunoff, as surface water, has
occurred everyvhere, time and time again, ancient Lake Cahuilla has existed
periodically throuchout the past, bringing & touch of Colorado River
sediments to much of the Valley, and dominantly vhere the Woodrow soil
series is {ound. Mon has modified this, primarily in the last 50 years.

He has buiit levees to confing all of the flood flows Lo defined chanpzals.
Some of these efforts have failed, and many more will fail in the future.
Ultimately, in hundreds to thoussnds of years, all can be expected to fajil
because of the tromendous toads of sediments that will Le deposited on the
tand.  However, man has tamad the flceods, and can utilize the land, usually
with rother minor losses, for the usual brief number of years of 50 to 100
as the span Jor which he plans his agriculture and his urban developments.

The Whitcwater River, the mouth once at Windy Point northwest
of Palm Springs, now channalized by works constructed by the District along
historic alignments, runs down the velley to Point Happy. From Point Happy
to the Salton Sea it becomss the Coachella Valley Stormwater Channel on a
new alignment entirely District-made which by-passes Indio and Coachella to
effectively protect against innundations of those communities. The Storm
Channel is built on rights of way purchased by the District when the
Coschells Valley Stormwater District began operations in 1915, Prior to
that time and until the new channel was constructed the flooduaters dis-
gorged at Point Happy into various meandering channels eventually reaching
the Salton Sea.

On the northeast side of the Valley, and primarily to protect
the Coachello Canal, a saries of vssentially level dikes have been
constructed. The scil used for the dikes was taken from borrow pits on the
upstream side of the dikes. This forms long flat depressions that will
Lecome ponds during flood flows from the Little San Bernardino Mountains.
These will protect the Canal, and the developnents below. They will also
do much to recharge ground waters, VWhen the more rare floods exceed the
capacity of the detention basins or ponds, thrze '"detention channels' have
been constructed to channel those flows down to Salton Sea. The largest,
Detention Channel No. 1, spills directly into Salton Sea. HNos. 2 and 3 on
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up the Valley, spill into the Coaschella Valley Stormwater Channel, and
thence to Salton Sea. To cetch fleoods from the Santa Rosa Mountains on
the southwestern side of the Valley,. thare are levees above, and then six
stormrater channels that empty into Salton Sea. There is also the Avenue
G Evacuation Channel, part pipeline, part ditch, and part both, that can
intercept flood flows. All other open drains are designed to provide
outiets for pipe collector lines exclusively. These are all shown on

Map C.

The above works are all necessary to keep the roads and
highways opan, and to protect the land, and the improvements on that
tand, and to protect the Coachella {anal. The dikes above the Coachella
Canal were designed to provide protection for a standard project flood.

A previously cited reference (1) gives information on the
floods that have plagued Coachella Valley since the time of first
settlement. Floods, obviously, have dominated surfece runoff, and the
agricultural surface runoft is coordinated with that. Agricultural
surface runoff during periods of heovy rainfall has becn similarly in-
frequent, and no delibarate provision has ever been made for it, except
as provision has becn made to handlce tail water. The provisions are the
same. As previously menticned, some tail water runoff apparently occurs,
However, vhere this is true, lecations are wlhdely scottered over the
Valley. The {lows, because of the nature of the soils, would be somewhat
irregular, and of short duration. This makes such flows almost
impossible Lo monitor and not cost-effective. It is guestioned whether
or not they are of sianificant Importance. Any pesticide residucs in the
downstream environment vould be primarily from this source, but the
evidence does not now show these to be of significant importonce.

B. Existing Sysiem

' The existing system has changed 1ittle in the last 12
years, and is shoan on Hap €. 1L has already been described,

C. Pesticides and Nutrients

Nutvicents in agricultural surface runoff, from whatever
source, are sufficient to initiate a good aguatic food web, but are in
no wvay excessive. Any importance of pesticides is certainly yet to be
established, but the Tine existant fishery indicates that they are not
excaessive.
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V. ALTERRATIVE NAMAGEMENT PRACTICES

The issue here is, what elfect would alternative management
practices have on the envircnment of certain open ditches, constructed
by the District to provide drainage for its farmers, and/or to provide
flood retief for those farmers, and for the many travelers and truckers
utilizing the State Highsays on both sides of the Salton Sea. The
farmers, incidently, pay in full for the ditches and the continuing
costs of maintenance. As a means of reducing the ever increasing costs
of maintenance, thé Diztrict imported a vegetation-cating fish, Tilapia
zit1il, to keep the drains open, and thus reduce dredging and spraying.
These fish have Tlourished, and for least two mild winters, have
survived the cold wealher . This minimizes the need for restocking.

The Tine {ishzry exists because the farmers ncoded to have an
aerated rootzone for Lhelr crops, and needed to establish salt balance.
The ditches are an essential part of thal subsurface drainage system.
Vithout a healthy agriculture, thore would be no one to maintain the
good environment Tor the fish. Considering the anenities of a healthy
agriculture, there would not be the omenities that bring people to the
region, and few Fighernan,

The fishery also exists because of the present high level of the
Salton Sea. The drains, when many were constructed, did not eontain
enough quiet water to support a fishery. 1T the Tevel should rise much
higher, it would drowun oul agriculture. 1f the level hegins to lower,
the ditches will start to drain. The District will lose the Tishery,
and he faced with higher maintenance costs.

It might be said that the level of Salton Sea represents a
manaacmznt alternative. This fails to recognize the serious aover=-
cotmitment of waters of the Coleorade River as illustrated in Table V.
Hot only will California have to drop its present use of 5.36 million
acre feet per year to 4.4 million. The water going into the Salton Sea
today is tile drainaage effluent, tail water, regulatory waste, and storm
renoif.  Considering that tail water and regulatory waste can be
significantly reduced, it vould appear to be inevitoble that there will
be much less fiow into the Salton Sea in the future. The Central Arizona
Project is under construction, and the Upper Basin states are working to
utilize their full entitlement. There remains an alternative of importing
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TABLE .1V

ENTITLEMENTS TO COLORANDD RIVER WATER

Hillion Acre Feet

Upper Basin States {Wyoming, lUtah, Colorado, Mew Mexico). . . 7.5

Lower Basin States {(Arizona, California,® Hevada) . . . . . . 7.

A¥ ]

Mexico (by Trealy) . . - . . « . « v « v v v v « v v v v . 1.5
Evaporation and use by phreathophytes . . . . . . . . . . . 1.0
Total entitiement Per ye@ar . .+ & + v « v « « & v « - . . . 18.5
Actual average annual flow . . . . . . . . . . . .. . . . 13.8
“Califoinia now uses 5.30 million acre feet per year. After CAP
becomes operational, it will be limited to 4.0 million acre feet per

year. Mote that far more water is allocated than actunlly exists.
There must be further cuts.
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valter From the Columbia River and Canzda. Considering that all of the
Colurado River Basin states hove disclained any desire to import such
northern vster, such a possibility is presumed to be beyond the scepe of
Lhis report,

The abave discussion is intended to show that possible and
probable alternalives are severely restricted. It must be assumed
that the level of Saiton Sea will soon begin to recede, and that
salinity will increasc to the point vhere fish cannot survive {Just what
that Tevel of salinity might be, the writer does not know, but he has
had Tatimate contact with Salton Sea when it did not support any fish,
and he is avare of other sinks where fish no tonger survive.) Further,
the lewering of tha Salton Sea will drain the open ditches of the
Districlt, WMithout maintenance, there will then be no fish life in
those drains, as there weve none some 30 years ago when the District
vas busy with the original dredaing. Fish life came subseguently with
the conlinued rise in the Salton Soa.

The above discussion shows Lhat the alternatives are severély

restricted, 1t might be mentioned that he District can and will
install drop structures in the ditches to preserve as many of the
Nilepio zi11i0 as practical to keep the ditches clean. 1t cannot be

Eiﬁtlicd to delibera tely strive o mainLafn an entirely artificjal
envirorment for Ydiverse'' ¥ish Tife. Nor can it be expected to look
indly touards itincvant trespassing Fishermen vho talke the fish that
the District pays for and mzintains, who tiromple the crops of the
farmers, and who leave behind all manner of bottles and cans and other
trash to pellute the enviveamant, Pather thin tolerate that, It would
forget tiying to maintain the fish, and resort (o simply dredging and
herbicides as more practical and cost-effective.

—_—

A _in_Surface Runoff as Affecting Pesticides &

Agricultural surface runoff does affect the amount of
pesticides and nuiricnts going into the dowstream waters, as previously
discussed., However, vhile there are sufficient nutrients to initjate
a good food web for fish, there is no evidence of any excess of nutrients.
The fish readily devour al] algal type of plant 1ife, the scum Lypes and
the types below the surface. They also utilize most of the types of
plants that have roots, {ewer nutrients will simply mean less food for
the Ffish, but it is difficult to determine whether or not this will have
an appreciable effect on the environment. Vith the rising prices of
fertilizers, fatmers cun he expecled to use less, and to use it nore
efficiently. This can only mwean Iass getting into the downstream aguatiec
anvironnment .

As Lo poesticide residucs, modest monitoring efforts to date
have been on getling a fow arab samplas of wvater at two months intervils
Since, tf there are any high concentrations of the residues, they would
be highly transient and gral samples vould be of questionable value, It
would be preferzhle to sawnple mature [ish that have been in the water
for & consideruble period of time. It is understood that the flesh of
one fish specie and physical condition unknown, has been analysed, Any
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Firming np of allernatives must await statistically viable information.
There is, further, the rather strange concept that the District buys,
rears, and manages the fish for the benefit of the itinerant fishermen.
Actually, the District does this to lessen its dredging and herbicide
application costs, and has no concern whether or not the fish are edible.
One alternative, then, is for the Department of Fish and Game to post the
ditches, calling attention to the fact that the fish are not edible ( if
it is shown that the flesh of the fish is high in pesticide residues).

In the future, when it is almost coriain that the level of Salton Sea
will be much lover, an aliternative for the District is to simply forget
about keeping fish in the ditches. [If there are no Tish, there is no
conflict with requlatory agencics, and no fish would be the natural
environment.

it is possible that there might, from time to time, be
surface runoff fiom heavy precipitation. This is so infreguent that
farmers do not make permanent provision for it. Instead, to avoid
losing significant amounts of soil, they may well make emergency and
temporary provisions. Weather forecasting is so inexact that that there
is no viable alternative, if there should be runoff-producing pre-
cipitation,

B dwpacls Dun to Mechanizal Dredging of Open Drains

There is concern that dredging is harmful to fish life
becavse: (a) It increases turbidity. (b) 1t can relecase any pesticide
residue bound in the sediments. {c} It can destroy the benthos fish
food source. {d) 1t destroys cover over the waterl (e) It directly
removes Fish from the water. () It destroys wildlife habitat. (g) |t
increases water velocities and reduces backwaters. (h) It allows
downstream sediment deposition. (i) 1L reduces oxygen levels because
of increased B.0.0. suspension. These effects are temporary. The thing
to remember is that dredging, and only dredging, created an environment
suitable for Tish, and only dredging can maintain such an éenvironment.
The ditches wera created to provide outlets for tile drainage systems,
and this requires thot original levels be maintained. Dredging is
expensive, and no one wants to dredge. But, If agriculture is to be
maintained, there must be dredging, and the District doss no more than
necessary. in short, no dredging, no agriculture, and no fish.

Floods invariably deposit sediments in open drains, usually
coming from lands far above the Valley. Deposition is accelerated if
the ditches become clogged with vegetation. With almost any {low, the
water tends Lo meander, undercutting the banks, first on one side and
then on the other. Vegetation minimizes this. This includes the roots
and the vegetation on the banks. The Tilania in the ditches have

wiants to keep a gond population of these fish as long as possible for
biological control.

Nexit, it should be emphasizod that the carrying of
sodiments is a natural phenomenon of flecod flows. Hany rivers have a
sediment. load most of the time, and the fish do survive. The few open
ditches in Coachella Valley were dug in soil material that originated
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as sodim.nts corrvied in Flood waters.  The nalural fleods are broad flat
fons of water and sediments, and Lhe locations of these fans are constantly
changing, cxcepl in a fow spots in g fow locations vhere slopes are
excessively steep,  Without the artificial ditcheas being dug, they would
becoms that way again, This would mean no drainage, and no fish habitat.
Drudging mny be temporarily adverse to fish life, but therec would be no
fish without it., District dredging is minimized now.

The District dredges Coachella Valley Stormwater Channel,
whare there is no alternative. Dredaing may be temporarily somewhat
adverse to the herbivores, but most survive, and there after they do
have a healthier environment.

ft should be mentioned that there are a few drains feeding
into the Satton Sea vhere there is sufficient grade to the land so that
thare is not the ususl threst that, without maintenance, the ditches
Will simply Ti11 up.  Scour could be expected to start at the downstream
end, and ecrode upstream. With thece, the District has installed periodic
low drop structurcs covered with plastic sheeting, to prevent erosion. No
Tilapia have been observed in these, but there are many fingerlings,

unidentificd, that are probably juveniles from Satton Sca.

L. Use of lerbicides ond Aquatic llerbivores

Since it is in the nature of open drains Lo become in-
operative for the purpose for which they were dug, there has always
been a spray program with herbicides. Since zquatic weeds also increase
the depesition of sedimants, particularly in the storuesater charnpels
thot also seive as drains, application of herbicides also lessens the
need for dredging.

~s Lo the spray program for the open ditches where Titapia

zi 1171 are not present, the material used at present is Silvex. This
taltes care of all pichlom vegatation except salt codar.  For al)
drains, theve s a once-per-winter spray progrom maintained by the
District using 2,00, vhich controls salt cedar and a1l other nuisance
vegztation. The sam:z 2,00 program is also utilized on the unlined
portion of the Coaochslia Canal, The vegetation controlled there is
salt cedar, arrowceds, cat tails, and sedge.

There is no spray program for the lined portion of the
Coachella Canal, nor for any of the distribution system. There are,
however, great quantities of vegetative debris in the Colorado River
water, 1his is removed before the water goes inlo the pipe distribution
system by o series ol automated screerns.

Wherevar the Tilepia zil1ii fish have been established
in the open drains, the spray program and the dredging program have
just about completely stopped. Tilapia zillii have eating preferences,
so are selactive, Uut, as their numbers increase, and food tends to
beceme somahat inadequale, they start to eat everything that they can
manage. fn particular, they eat the new sprouts of the coarse vegetation
such as cat tails. This controls the size of clumps, virtually
eliminating the need for spraying, except the salt cedar. They readily




cat the cigar, including the filamentous type. They also effectively
"mow't Che grasscs and forbs as far up the hanks ae¢ they can reach. Thus,
the water is rclatively sparkling ond clean, presuming no other sources
of sedinents.

D. _Qgricu]tura? Surface Runoff

Surface runoff is of two types: (a} Storm runoff from
flooded fields dees occur at infreguent intervals. It is infrequent
because of the dominantly permeable nature of the seoils, and because the
rainfall in the Valley is usually so low. However, when intensive rains
do occur, the farmers generally do not want to lose soil from their
fields that have becen rather precisely graded. This does not present
a problem for most Tarms because the water simply flows inte the shallow
ditches at the side of the roads. Wlien the low side of a farm happens
to abut an open ditch, or a stormwater channel, the farmer usually tries
Lo put in a temporary drop slructure te prevent soil loss. (L) The
other type of cgricultural surface runoff is tail water, and the evidence
appears to suggest that this does not occur with any great frequency in
Coachells Valley, or involves any appreciable amount of water or sediment.
Bowever, this is an arco whare good facts are lacking. Optimum de-
conporition of pesticide residues would be expected in tile drainage
effluznt; se concentrations would bu low and the flow in the water more
sustainad,  bLecnuse phosphates tend to be Tixed in the surface sofl,
phosphate content of the effluent would by low., Hitrates would be
expected Lo discharge freely in the offluent. These would drastically
change vhzn ltherve is water in the ditches of high turbidity - from
stoym runoff, froan tail wvater discharges, from gooher activity on the
banks of ditches, and from undercutiing of ditch banks.

There is natural scdimznt production from floods. In its
Tlood contio? function, the District does ameliorate this so far as
practical, and does reduce the amount of sediments accompany ing floods .
However, os vlienever mon attempts to modify all rere ratural occurances,
there are strict Timitations on what he can do.  This fact must be
recegnized, and not expect man Lo drastically change the warld,
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“TCATION. OF PEST MAUAGEMLNT PRACT ICES, AND AGENCIES
ONS Tt FURTHFLERENTAT 701

Ao Best Monancment Praclices

On the basis of previous discussion, it is nou necessary
to devaelop the Best lNanagrment Practices (Biﬁ), The open ditches of
conceln vore developad by agriculture to keep the sgriculturé of the
Valley viable. Vithout a viable agriculiure, the arca would a]Jo
cease to be a prime recreational ares. 1t so happens that the rising
Tevel of the Salton Sea, in conjunction with works required by and
paid for by agriculture, does today provide a good, but artificial,
environacnl Tor fish thet never existed under nsture. The fish,
purchased by, and maintained by the District arve the Tilania 1?111
These cat the availablie tops of vegetation while leaving thchoots'M
to help kezp the seil stabilized. So Tar as the District is
concerned, these Tish are their fish, and not the property of itinerant
Lraspassing F:Jncrmun who trample Farmers crops, and leave all manner
of empty bottles and cans, and other trath, in their wake., The BMP
then, must hold that the interasts of the farmers and the District
are above and supcrior to the interests of the Tishermen,

On the ahove basis, the BHP are hereby summarized as
to salt bhalance, the nulrients in the weste wataers, the pesticide
residues in the woste waters, and the sediments carried by the waste
waters:

1. Salt Bzlance. Unfortunately, the District has not,
during thz 1970's given sufficient attention to the drainage system
to Llcurl{ wrintain salt balsnce.  There 15 near-balance, and the
sitvation s nol yoet really out of hand. Heovcver, sume attention
should be given to this Lo sce that sale balance is stienthened.

BIP must proevide salt balance.

Z. Hutricots., There ave nutrvients in the effluent from
tile drainage. Basically, this means that the farmors are losing some
of the feiLilizers that they buy and apply, possibly because of the
timing of application and irrigation. The cost of ferlilizers has been
fucreasing appreciably over and above the rate of inflation. Also, the
cost of vater haos been vising steadily, if only moderately, These two
factors togother should indicate that there probably will be decreases



in the concentrations of nutrienls (?FG]]Y only nilrates) in the waste
waters. At least, with the Tilapia zi11ii in the drain waters, there

is no evidznce now of any excessive amounts of nutrients in those waste
vaters, and thzrefore, no problem. The BMP, therefore, reguires no
changz from present practices. Nitrales should continue to be monitored
to see if Lhe situation might unexpectedly change in the future.

3. Pesticide Residucs. There is not yet firm evidence
one way or the other concerning the levels of pesticide residues in
the waste waters, or in the flesh of {ish in Lhe open drains.,  An
ultimate BIP must await such data. |IF the levels in Tilapia zillij
are Tound to be high, a BNP wight be for Fish and Gome to post the
ditches to warn the trespassing Tishermen, if the fish are otherwise
healthy for the purpose purchased and maintained, that the fish are not
edible. if and when there are no longer fish in the open drains, or
in Salton Sca, the concentration of pesticide residues wvill cease to
be of concern to the RP.

k. Sediments.  In the event of piecipitation that
caunces rimoff, the waters of the storm drains can he expected Lo have
high turbidity. Also, any surfoce runoff of storm wotors from farm
land can be expeoctod to be turbid, whelher or not the formers are
able to Improvise somz liind of drop structures.  Some Lurbidity can
develop from the crosion of diteh banks, and can be quite savere
vlhiere gophers have been working on the diteh banks. | there is

cver any turbidity of efflvent from tile drainage systems, it is
obvious thit some {armnr has trouble which he must correct, but this
is rare. Any othar Lurbidity of ditch water, not hore-to-fore
mentioned, must be asssociated with the surreptitious dumping of tail
vater.  Thus, vhen and if such turbidity is found to he & problem,
follewing up of turbidity can be the mechonicm for pelicing tail
vater dumping.

. As reqgards flood runoff, the Disirict has already
taken all reasonsble steps to minimize turbidity. Hajor floods
always do create havec, and this is particularly true under the
desert and coarss textured soils in the environment of Coachella Valley.

B, Further Longsiderations

The Saiton Sea is e notural, and a federally designated,
repository for the salls required to ochieve sale balance in
agrviculture.  There have been, in past eons, many transitory periods
when the Salton 5ca was a habitat for fislh. There have boen even
greater periceds vhen the Sca wos either too saline Tor fish, or had
become almast dry.  There witl be many more such periods in the future,
both with and without fish. Although man may have the capability to
modi Fy  f1 somewhat in the future, he cannot cxercise complein control
over Lhe level of the Salton Seca, or over jts salinity. iherefore, it
is not realistic Lo maintain tha i1Tusion that PHP relates Lo any wvater
level in Lhe Sea, nor to any degree of salinity.

Han did, once in the past, shift the flow of the Colorado

River back to the Guif when it had shifted in flood to Salton Sink. He
riay Le able to continue to do so in the future for maybe 100 ar 200
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yeais. Novwwer, because of the mountains of sediments involved, he
cannot hope to do so permanently.  About all that can be said is that
the probabilitics of another Lake Cohuilia in the next 100 or 200
vears are low.

Speaking more to the imnediate future, the District,
and the farmers within its Colorado River water service area, can
affect the small amount of surface tail water that goss into the open
drains. The District's pipe distribution system is fully metered.
Thercfare, the Distiict has precise information on the amount of water
cach farmer uses. This encourages efficient irrigation in comparison
with other districts. Sprinkier irrigation might be considered the
BHP for some creps in some envitornments, but certainly it cannot be
considered the BHP Tor all crops in all environments of the Valley.
Drip irrigztion, with portable sprinkler systems for periodic leaching,
miaht also be considored by some to be 2 BHI'., Howvever, practical cosi-
cffectivensss will dictole accoptance.  Also, no important environ=-
mental impact is involved in the application of preosent irrigation.

C. Rerpounible fgenny

The Gintrict is now the responsible agency, and, all things
considaered, it hes porflormed & remarkably capable job. There is no other
agency thst could cven approach Lhe capzability of the District. These
Tacts mare it fmpersiive Lhat the District continue its responsibilities.
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VEL. BHVIROUHEINT AL, THPACT ASSESSMENT

Ao siguificant Adverse Envirenwental Effccts Caused by

Attcrnative Hanagem nt Pyactices
AL Gen 1

H Coachella Valley farmeirs had heeon willing to accept
the plans fisst proposad by the Burcau of Reclamation for the Coachella
Canzl, ond for the distribution system, there is no doubt that there
wiould have Losn @ most serious and adverse enviroemnmental impact upon
Coachella Valley.  Thare would have had to bhe many additional open
drainz, and, in particelar, intercepting drains around the periphery
of the Veiloy Liough. There would have had to bo many nore miles of
open draing with their high maintenance costs and loss of tillable
land. Tail water wonld probably have been of far more common, causing
substantial ingreasc in the transfer of pesticide residues into the
ditches, and thence to Salton Sea. As it s, the remaining manaycment
alternative would have a most moderate envirenmental impact,

It might be well to review the environmental inpacts
of .more drastic measures not now contemplated.

1. Stop all herbicide spraying Lo keep ditches open

Where Tilapia zillii arc now established, spraying
vith baibicides is almost stopped now, excopt {or winter spot spraying
ot salt cedar, as reauired. There are a Few ditches whore the fish
have not yet heen established. With these, agricultural deterioration
voultd he fast, with severe economic and societal effects.  The ditehes
would cease Lo provide an environment for the future planting of the
fish. The depresscd agricultural condition would adversely affect
the Valley as a winler resort Tor urbon people, and as a place to which
to retire,

With the above in mind, there appear to be only two
allarnatives coesigned to enhance the environmant, Lo wit:

{a)  Take measurcs to stop ony tail water discharge
unto the open ditches, when, and if, any Liigh concentrations of
peslicide residuss are found in the flesh of the fish., The environmantal
fmpacts:



45

-- This will increase irrigation costs to the
farmer. Otheiwise, he would not go the
expanse of providing for the wasting of water
that he has purchased.

== The action would substantially increase
costs to the District.

-- The trespassing ilinerant fishermen will be
assured that the fish that they catch are
edible, and there is less chance of
contamination,

-- There will be an insignificant decrease in
the pesticide residues in Salton Sea. However,
by that tiwe, the Sca will prebably be too
satine for fish,
(b)  Thot the proper regulatory agencies post and
patrol the ditches vhere the adversely affected Tish are found to see
that thora is no fFishinug. The cenviromental impocts:

== This will deny the trespassing fishermen
access to the fish that thay have been
catching.

-~ there i1l bhe an in
N

significant increase in
ihe pesticidl rasidu

8 going to Salton Sea.
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VITI. COHCLUSIONS

[

Ao Selinity

) This District supports the salinily control program as
adopted by the State and Tederal Governmenls. Ho special District
work is needed to mest these controfs.

Since all seven hasin states have adopted the Colerado
River Basin Salinity Contral Torum's waler quality standaids {or the
Lolorado River, and the state-adopled standards have been approved by
the Environmental Protection Agency, implementation procedures are
provided which will accrue to the benefit of agricultural water users
in the Coachella Volley,

Problems of satinity are not problass of pollution,
regardiess of what eny man-made "lous' say. Salinity is a concen-
tration process causcd by natural phenonenon, by evapotranspiration
and evaporation, where vater is removed, but all natural salts stay
in.the remaining water. Irrigated agriculture does increasc evapo-
transpiration and evaporation mest significsntliy. The enly real and
long-term solution to salinity problems is: (a) gradually move
upstream Tor the source of supply, and (b) allow the lower reaches
of rivers to become more and more &aline. ({an interim solution would
be to build 2 combination nuclear power-distillation plant at a
location where the brine conld be dischargzd to the Gulf, A combina-
tion plant provides over a two-fold savings in distiliation costs).

The potential shortage of woter for irrigation implies
the need for higher ceffliciency than now achieved in ifrigation practice.
Such shortags could eliminite any present small problems with tail
witer. LU is not implied that thare needs to be any reqgulations to
achieve Lhis. The woater quality improvemsnt efforts are bound to cause
the cost of water to escalate.  In such event, Farmers can be depended
upoit Lw adopt the wost cfficient methods of irrigation possible.

Breause lower rivers becomz more and more saline, the
Lower Colorado Rivar mnstb also becope more and more saline. This is
even more opplicablie to the Salton Sea. It will ccase, until there
is another Lale Cahuilla, to be a habitat for fish, and its jevel can
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hee pupected oo dieps Thic con alue wean the loss of the Coachelia open
diteches oo habitat {fur Tish.

Soll balos e in Coachalla Valley requites conlinuing
ctudices on inproving or maintaining productivity ond sojl conditions,

. Notiienls
Fhe nutrients going into the Conchella open drains arc

only sufficiont o cstablich o reasenably good aquatic food veb in
the domstieem waters. 10 there is desire to climinate "algal blooms!
Trom the Sco (the bluye- ~green algac), the solution is not foer nutrients,
bul to pravide more BO in the urban liquid wastes, without any BObB. |t
is not an agriculiura) prob)en. Mitrogen is the primary nutrient of
concern.

€. Pusticides

5o far as now bnovn, Loday only modest amounts of a fow
preticide 1esidues 9ot into the Loachella open drains.  Nuch more
information must be obtoined to determine whether or nol there might
be & problem. Do any cvent, the dominant viters of these open draing
arce the clifluents of ©ile drainage sysloms.  The unsaiurated {lowu of
rler threegh seil, (hoet tile grainage provides, is the beot anviron-
nent in the vorld for the decomposition of p"stscsdu residucs, vhethop
or not Lthoy are hormiul to the dovms Lrean aquatic environment., 1f it
is found Lhat hiah posticide residocs exist, it is almost ceriain that
thoy come Tiom toil vertor, sutreptitiousty dusped inte the ditchae,
bn that case, elinination of ihis (ail vater woyld probalbly be LIP,

D Areduing

Lecovse of cost, the District does ag Tittle dredoing
as possible.  If ths District did not do this oo needed, thers would
be no satisfactory cutlets Tor the Lile drafnege system, no outlets
fur storm vaters, and no lunger a good agustic cnviromnment Lo support
fich Tife. /Any turbidity of the ¢iteh watep provides the best
eviconce of surreptiticusiy dicchirged tai)l uster.

L. Bioleaical Lontroels
The continmed use of Tilepin 211N and increasing use
of hiolocical controle will prove valushle in crnuatic wecd controls,
Aorescarch projoct using the woio tomparniure=~ialorant white cmnr
(Ctr.uphur,ugo&un faclla) tould be eneficial ond costelifecetive.

Tler v hove me the dosdnant coean of concern ahout Lhe
crvitomssnt of Conchella Val oy Covsty Yoetor District's open drains.
ATT=Tn all, the Divtiicl do Lo by Copmendod Tor o cating such a fine
covironmenloas povs caiste for the {yrmern (hat ifoserves, L doos
not, bnd TU chould noet, anie any alteapt (o serve the itinerant and
U capassing Tishoiam,
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o II. |f the Supte el

COACHELLA VALLEY COUNTY UATER DISTRICT

e e Hed the Uard anctos,

188 TH That the Contioctnr for and in cunsiduration of the covenants, conditines. avreements, and stipalations of the S
wfter expresacd, dees heeeby apree 1o furnish to the Stale «ecrvices and mdennls oa follows;

th v evet e e redennd by Closinaeior omennt 4 ber poned Elrmtroeztor, Lrewer for peebasmnans e saenpd Gons apd oitoc I plens uod s otiens, =3 a0y}

Contractor agrees to provide all labor, moterials and equipment necessary to develen and
ovaluate alternative management practices relaling to compatible uses of sqgricultural
drains in accovuance with the terms and conditions contained herein and all exhibits and
addenda attached hevetlo. :

The TO1%OH1HQ documenls are hercby incorporated and made a part of this agreement by
reference: Exhilit "A", consisting of five (5) sheets; Fxhibit "B", consisting of

one (1) sheeu, entitled rair Cmployment Practices Addendum. i

Total cost of this agreerent shall not exceed $9,000.00, including all applicable State
and local sales and use taxes.

Contractor shall provide services uader this agreement from October 1. 1977 throunh
June 30, 1978, Contracler shell not be entitled to payment for any work done prior to
Fag above commigncoment dafn». I

The services czscribed herein are (o be performed on behalf of California Regional Yater
Quality Control Bnard, Colurado River Easin Region.
Nenastang an the soverse sids hereol constitute o part of this spreemont,
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I The Contranctor aprecs to indemmifs s de fond and save baenmloss the State, it oflicers, agents
and coployvecs from any and all cliims and fosvses aecrning oeovesudting to any and adl continetors,
subvontradors, materisbens Inherees nd any other porson finn or corporstion Taoidung m
supphving work. services materials o sapplivs in cannedion sith the pedonnance of Bis vantiae,
anel Trom any and all chiims and osses sconing or cesalting 1o any persen. Brm oor courporation
who ey beinjrmed o dunaged by the Conteactor s the pofarmaoce ol Hhis contract

2 The Contractor, and the agents aod cmployees of Cantiactor, in the peslonmaoce of iy
agrevment, shall act inoan independont capacily and not as oflicees ar amployees or agents of
Stale of Californin

3 The State may Lorminade this agreemoent and be relicsed of the pavient of any consideration
to Contractor shoatd Contiacter fail o perform the covenants heecin contisined ol the tine and
it anner herein poovided. Tn the cvent of sueh lesmination the Stste iy procecd with the
wark inoaov namner doomed proper by the Stie The eost to the Stade shall he dedae e fonm
amy s e the Condector nnder this agreement. and e badasce, i any shall be paid the
Contractor npon demand,

4 Without the writbne consent of the State, this agrecment iy ol assigaable by Contractor
cither in whole or in part,

5 ime iv the esseree o this agroement

G No alteration or vudstion of the teems of this contrget shadl be valid smiless made in swriting
aned gigoed by the parlics horetog and oo aral anderstionding orsigrecment nol incorporated heecin,
shadl b hindding on any of the paertios herdto.

1. The vonsiderntion tn be paid Coutracter, as provided herein, shall be in compensation [or
all of Contractors vxpenses incuncd in the performance hereol, dncinding travel and per diem,
unfosy ntherwise expressly so peavided.
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CAURIT A O STaNDARD

AGREEMENT NO., 7 047 17-8

DEFINITIONS

A. The term "District" means Coachella Valley County Water

In trict.

B. The ferm "Hegional Board" means the Celifornia Regional
Water Quality Conlrol Board, Colorado River Basin Region,

C. The texm "Project Director" means an employze of the
Regional Board end of the District with duties as
gpeciiied in Section VI below.

WORE T0 BE TrnilQRimm)

A DﬂVp?ﬂpgggﬁmggg_Evaluation of Alternative Management

1. General. T¢ 71 ‘develop and evaluate
alternaiive 1 & for control of
agricultural er dLachﬁr,cc from those lands
in the Coacheila Valle of California which are
within the District, in order to maintain a water
quality envirenmment that will protect water oriented
resources supported by agricultural drains while
recognizning primary c.uL,hov:*ll,zum'a and contractural
rights to the use of the zgricultural drains

r P
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2. Tasks. In performing the work reguired in Section
T1.a.1. hercof, the District shall develop and
evaluate azlternative mensgement DPW“ulC“S, including
current mansgenent practices, for zt least the
folloiring potentvial agriculturazl weter quality
problems:

a. Agricultural surface ronoif water conbaining
pesticides end fertilizasrs.

b. Water gual JLj impacts due Lo mechanicel dredging
of agriculturs drains.

¢. Applications of herovicides and the use oI
aquntic herbivores for aquabtic weed control in
agricultural drains.

d. Discharges of agricultural runoff containing
heawvy silt loads or Orgariic materials.

Ex A2
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District shall review and evaluate
ety 2, developed by or oz behali of the
eglonal BO rd beiore » during the term of fhis

ﬂ 1 zricultural dischargzes to
agvlcul“urvi drains in the Coachella Vajlef. In
perforning the work required pursuant to
Section L .A.1l. and 2. hereol, the level of detail
provided may vary among the potential water quality
problens, CQ:JEﬂsu“ﬂtﬁ'with the relative severity of
the problems and available planning resources.
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Tdo“LJ*lcc**ﬁn of Best Iz rﬂrenonb Fractices and IManagement
.@Q&nts 3 TO_ng %ﬁoOOﬂSWOT” Tor MDISEENTALLON. »OD €8Ch

of thé potential vater gualiity D "oblems investigated
pursuant o Section JL.A. hercof, the District shall
identify best manzgement practices as defined by Title 40,
Code of Fedoral Regulations, Section 130.2(q), ard skall
recommacend appropviate menagomzpnt agenciss to lmplement
best naunsgement practices.

]

b

ﬂ}

>

Enviponzental Tnmpact Assessment.

1. F¥or cach notential wabter cualitly Drob]nm investigated
gy suant to Section ii.4. hereoi, the District shell
propzre o general rasesswent of social, econcmic an
envirounencal lapachs

N
[}

The environmenyal imprcl ossessnment procesdure shall
generally be as follows:

a. An initial study shall be conducted to determine whas

sifmificant acéverse effscts on the environment
could be caused by implementation of the alter-
nalbive management practices.

b. The initial study she
ol the managenent practices the basis of SOCL@l’
cconomic, ard enviromaental feasibiliﬁy and
acceptaebility.

c. The assessment shall discuss ways to mitigate
mific: epvironmental @f¢”CL, 1den.1lxed in
Sectionl .C.2.2. harecoi.

d. The asscesment shell i1aclude an exemination of the
altemmative managorment practices for competibility
with el sting redaral, Stete, and local laws and
regulations,

3
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COQRDINAT IO

The District shall coordinate the performance of work under the
contract with vhe Regional Boerd staflf{. This coordination shall

includeg, but is not limited to, attending meetings of the 208
Policy Advisory Committee for the Colorado River Basin Repgion

e reguested to ettend by the Regional Board's Project Director,

and attending all meetings of the Regional Agricultural Water
Quality Advisory Ceommittee during the term of the contract.

The Regional Doard's Project Director may also request that the
District prepare presentations concerning the progress of this
contract to be given to the above-mentioned committees.,

REPORTS

Ae  The District ghall submit a written progress report to the
Regional Boord by Aoril 7, 1978 (ior the period from the
efiective date of the conbtract through March 31, 1978).
The renort shall describve all activities undortaken in the
performance of work under this contract, shall indicate
progress Lovard the develorment of best management practice
shall give an accounting of costs incurred during the ra-
‘porting period together with invoices as regquirved in
Section VIIT.B., and shall estimate the percentags of work
completed as required hercunder. In addition, the progress
repori shall declude an estimate of costs and accomplishmen
for the final reporting period.

B. On or before Junz 1, 1978, the District shall submit a
final report to the Regional Board. The f{inal report
.shall dinclude a description of recommanded best management

o
Sy

L
o 5

practices for each o the problems specified in Section IT.A.

]

hereof, recomsendations for designation of appropriate public

agencics to implement best management practices, and the
environmontal assessment required pursuant to Section II.C.
hereof. '
Data
A« ALL data developed pursuant to this contract shall be
shared by the partics hereto and each perty shall have
the right to roproduce, publish, and use all such data
or any part thereofl in any manngr and for any purposes
vhatsoover.

Page 3 of 5
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T b he erzonnl noqrd‘s Exscutive Officer ghall be the

Regional Board's Project Director lor this Agreement.

B. The Repicnal Board's Project Director shall be the Regional
Board's Representabive for adninistration of the cont“act
- and shell have authority to meke determinetions and findings
with resypect to ezch question arising under or in connection
with the interpreuations, periornance or payment for work
performed wunder the contract. Contract interpretations
shall be resolved in accordance with Seciion VIT.

Go "The Digtrict's Project Director shall beXeith Alﬂf”o“fb
"The District's Project Dirvcbor shall be the District's
Representative for administration of the contract and
shull bove full authority to act cn behalf of the contractor.
AlL comrurnications given to the District's Projocl Director
shall be 23 Linding as 1f given to the District.

D. Either panty may chauae 31ts Project Director vrovided
wrn%t 2n notification is submitted to the other party
L. 3caah two ( ) weeks in advance of the change.

:J ; l‘ rI‘J (

i

Lxcept as othervige provided in this CODuI{CL, any contract
dnterpretacion concer vrg e question of fact arising under
or relating ©o the periormance of thils contract which is

not disposed of by agresment shall be decided by the Regional
Bosrd's rroject DLmC“LOT, wio shall reduce his decision to
writing in regerd to the contract 1nte:nrctation= and mail
or_othervise fuvnish a cony btherzof to the District, and the
State Water Resouxces Control Board hereafter fELanEd to es
the Btalte Board ht no objections ave received from the
State Board's ubuovjvod repreésentative, the dscision of +the
Regional Board's Preject Director shall be {inal and
Logclucwne voless, within thioty (30) days {rom the date of
recelipl of such copy, the District mails or otherwise furnishes
the State Loard or its duly authorized representative a
written appeal. In connection Wil any appeal proceeding under
this clause, the Diﬁtrict spall bLe aiforded an opportuniiy to
" be heard and to oifer eviderce in supvort of its zppeal.
Pending final decisicn of a contyact interpretebtion hzreunder
the District shall proceed diligently rith the periormance of
the contract end in accordance with Ih written decision of
the Reglronal Board's Project Director wiich is the subject of
the District's ap

3
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Total compensatlon for all vork performed under this
.a]i not exceed the sum of nine thousand
, 000.00),

Upon the submission of proper invoices the District shall
be paid in two progress payments and a final pavment.
Progress payments shall 106 be more frequent than mornthly
and shall not exceed, in the agpregate, 75 percent ol the
Lotal contract price, with the balance to be paid uporn
satisfactory complelion of the contiract.

The Report described in Sectien IV.B. hereof shall not he
final until accepted, Upon accentance of the Final Report
and upon submission of an invoice cntitled “Final Invoice!,
the ﬁiatr¢ct shall receive its {inal paymenc.

Invoices shall be svbmitied in triplicate to:

Water Resouvrces Control Board, Accounting Operacions Sectio o1y,
P. 0. Box 100, Seacramento, C4 95801. Tnvoices shall be
subject to approval by Lhc Regional poard's Project Director,

THRE OF AGREEMENT

Thias Agreemant shall take effoct on Getober 1, 1977

A 77 .
This /EYELMPUL unless terminated souner in accordance
with Soction X lf“eof shall remain in effect until
June 30, 1974, .

TERMINATION

A. This fAgremront may be terainated by either party on

thirty (30) Dufu written notice. In the event of termination,
the District shall be entitled to reasonable and necess Sary
cosls incurred prior to the ef xect:Vc QPuE of termination,

Page 5 of 5
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i ‘origin, or physical handicap®. The Coalractor will lake allirmalive action to ensure that appli-

EXHIBIT "8 10 -
UATER RESOURCES CONHTROL GCARD
STAHDARD AGRECHZHT HO. 7 047 17-8
FAIR EMPLOYSENT PRACTICES ADDENDUM

i, in the performarice of this contract, the Contractor will no! discriminate against any employee
“of applicanl for employment because of race, color, religion, anceslrty, sex®, age*, national

conls are employed, and that emplovees are freated during gmploymenl, withoo! regard to their
race, cotor, religion, ancesiry, sex®, ape®, national origin, or physical handicap*, Such action
shall include, but nol be limited to, the following: employment, upgrading, demolion or lransler;
recruilment or recruitment advertising: layoll or lermination: rates of pay or olher forms of com-
pensation: and selection for lraining, including apprenticeship. The Contractor shall post in
conspicuous places, avoilable lo employees and applicants for ewployment, nolices to be pro-
vided by the State setting {orth the provisions of this Fair Employment Praclices seclion.

2 The Centractor will permit rocess to his records of employment, employment advertisements,
dmmcallcm foime, and other pa..rlinf:nl dala and records by the State Fair Dmployment Praclices
Commission, or any olher agency of the Stale of California designated by the awarding authority,
[or the purposes of investligalion to ascerlain compliance with the Fair Employment Praclices

seclinn of this coniract.

3, Remedics for WiltTul Violation:

(a) The State may determine a willful violalion of the Fair Employment Fraclices pro-
vision lo have occcurred upon receipt of a final judgment havieg thet ellect from &
couil in an aclion lo which Contraclor was a party, or upon receipt of a2 wriilen nolice
[rom the Fair Employment Practices Commission that it has investigated and deler-
mined that the Contraclor has vielated the Fair Ewployment Practices Act and has
ssued an order. under Labor Code Seclion 1426, which has become {inal, or obtained
an injunction under Labor Cede Section 1129, '

(b} For willful violaticn of this Fair Employment Praclices provision, the State shall
hove Lhe right lo tenninate Ihis contraci either in whole or in parl, and any loss or
demage sustained by the Stale in securing the goods or services hereunder shall be
borse and paid for by the Contractor and by his surety under the performance bond, if
auy, and the State may deducl [rom any moneys due or that therealter may become due
1o the Contractor, the difference belween the price named in the contract and the
actual cosl thereo!l to the Stale.

#¢oe Labor Code Scclious 1411 - 1332.5 Tue further deitails.

§TD. 3 {Rev. 11/74)

IR 201G $3. 74 193 D OMF
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GEOLOGICHL SURVEIY
DESNVEHR,

CENTHAL LabORaTORY,

MNATE =
in =

Lad

E OLOCATION: UNO
3 oM 10 313910
CH1E OF COLLECTION:
STATFE CODE: D& COUNTY COﬂﬁt
DATA TYPZ: 2 SOURCE:D 0THZR
COMMENTS

ARTHUR ST TILE ORalnN.

o

UG /L
ue /L
G/sL <
(aaTER) UG/L
[AATER) HIG/L
(waTER) UG/L
TOT (vwaTER) DFTR.
70T (~aTER) UG/L
ENMUCSULF AN 10T AL UG /L
FMURIN TOTAL (daTEXY UG/L
ETH PaiTH TOT (waTEX) NETR,
ETrm TRITH TOT (waATER) NETR.
CETHION TOTAL {waTER) DETR.
m<pT OEPOA TOT{WATER) UG/L
CLPTACHLGE TL(wETERY UL/L
LTMOAME TOTAL (MATE®) UG/L
MALATHION TOT(WATLR) RETR.

ALDETN TOTAL (YATER)
CHLUCHDAONE TNT (waATEA)
COPRER TOTAL

onn TOTsL
DNEe TOTAL
YT ToTaL
OlaZ 80N
D le DIt

[NFORYMATION
LAT..LONG.SEQ.,: =
END -~
PROJECT

HEGIM--T7T1031
n37

BHALTTY AMALYSIES

I

ATT ECCLES.

0.00
0.0
10
0.0G9
0.0D
Q.nl
CELETED
.01
0.00
0.00
DELET. D
DELETZD
UELLETED
.00
D.00
0.00

DELETED

313015 RECORD

CAATER

47871

MOMNE
T1HE

IDENTIFICATION:

GEOLOGIC UN

MERCURY TOTAL
HET PARTH TOUT
AET TRITH 30T
NITHOGEN

NITROGEMN TOT

NITHOGEN TOTKJD AS M

PCB T0OTAL

PFON O TOTAL
PERTHANE TOT2
SAHPLE SNURCE
SILVEX TNTalL
SH.
TOXaPHENE TOT
TEWID D
ZINC TOTapL
2ai-D TOTAL
2ru-0P TOTAL
2144+5-T TOTAL

(EXHIBITS E-1 10 E-3)

EXHIBIT E-1

CO1L0=4a00

GIVEN

IT:

{wATER)
(JATER)

NHo ASN TOT

ceG N

(WATER)
{AQTFR)
L

COGE
{waTrR)

CONDUCTANMCE FLD

(wATER)
£EG C)

{HATER)
(WaTER)
(wATEP)

THE STATION HEADER FILE.H

47%30Nn300

UG /L
DETR.
DETR.

MG/L

=G/

MG /L

UG /L

UG/L

uGc/L

Ua /L
uc/L
UG/L
UG/L

us/L
LG/L

0.
DELET
DELET

1 I



CERTHAL LABURATORYy DEMYEH, COLORADO

WATER GUALITY AMAELYSIS
Lag IO = 67502 RECORD # 29249

APLE LOCATINN: U0 INFORMATION I[N THE STATION READER FILE.Y
Jrion 1D 067502 LAT.LOMG.SEQ.,: % NONE GIVEN ¢
TONOF COLLECTIUN: HEGIN--T&80227 ENMD - TIME~--1400

aye CODE: 06 COUMTY CODRE: 063 PROJECT IDENTIFICATION: £79300300
TA TYPE: 2 SOURCE: OTHER GEOLOGIC UMIT:

MHENTS

fRTHUR ST DRaIM. ATT ECCLES

DRIN TOTAL (WATTR) UG/L 0,00 LINDAME TOTAL(WATER) UG/L

LORDANE TOT (waTLR) UG/ 0.0 MALATHION TOT(WATER) UG/L
LORFYRIFOS TOTAL UG/L 0,00 MET PARTY TOTU(WAaTERY UG/L
O TOTL (HATER) UG/L 0.00 MET TOITH TOT{WATER) UG/L
£ TOTAL (waTER) UG/L 0.01  PCB TOVaL (WATER) UG/L
T TOTAL (AaTER) UG/L n.00 PCHN TOTAL (WATER) UG/L
AZIFODN TOT (wATER) UB/L 0.00 PERTHANE TOTAL UG/L
ELDORIN TOT {WaTi®) UL/L 6.00 PH O FIELD

DOSULFAN 1 TOTAL UG/L 0.00 SAMPLE SQURCFE CODE

DRIMN TOTAL (wWaTER} UG/L 0.00 SILVEX TNTAL (WATER) UG/L
H O PARTH TOT(WATER)Y UG/L 0,00 SP. CONDUCTANCE FLD
HOoTRITH TOT(waTER) UG/ 0.00 TOXAPHENE TOT{WATER) UG/L
HIOH TOTAL (wa¥Df) LG/ 0.00 WATER TEMP (DEG C)

Pr OERPOY TOT(WATERY UG/L 0.00 24D TOTAL (MATER) UG/L

""."'F"QC'.‘H_OQ T.{WwaTer)y UG/L 0.00 Z+v4~DP TOTAL (WATER) UG/L
i ‘ 2eb4yn-T TOTAL{WATERY UG/L

! EXHIBIT k-2
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1 CEHNTRAL LQ"’}ORL‘*]GRT’;

EﬁHﬁLE LOCATION:T MND
i{n§;om In: 313013
SN E OF COLLECTION:
STATE CODE: D&
NATA TYPE:D 2
COMYENTS !

08SIS~LINCOLN ST TILE URAIN.

ALDIIN TOTAL {(A&TER)
CHLOSNAME TOT{waTER)
COPRF2 10TaL
pnD TOTal
LOE TOTaL
NOT TOTAL
DIAZ[MON TOT {(wATER)
DIELDRIN TOT (%aTER)
FALOSULFAN TOTAL
EMORIN TOTAL (WATER)
ETH PARTH TOT{WATER)
ETH TRITH TOT(WATER)
ETHION TOTAL (wATER)
THERT FPOX TOT(WaTER)
TURTALHLOR T.(waATER)
LINDANE TOT&L (WATEH)
MALATHION JOT(WATER)

(wATER)
(wATER)
{(WATER)

ir

WaT

[HF MR

FEGIN-=TTIN3]
Coutity CODE:
SOURCE:

OTHER

uG/L
UG/l
UG/L <
UG/L
uG/L
UG /i
DETR
uG /1L,
UG/L
uG/L
DETR
DETR
DETH
UG/L
UG/L0
UG/L
DFTR

LUl AL

mRONUALITY

~USVE Y
pEHVER,

COLORANO

AMALYSIR
Lag ID = 31301d HECORD 2 &7877

ATION IN THE STATION HEADER FILE.H
LAT.LONG.SED. ! = WONFE GIVEN 2
END - T[ME ~-
D37 FROJECT I[DENTIFICATIOM: 479300300
GFOLODGTIC UNIT:
ATT ECCLES.
0.00 MERCURY TODTAL » UG/L
9.0 MET PARTH TOT(wATER) DET .
10 MET TRITH TOTU{WATER) DETR,
0.00 NITROGEN MNH& ASN TOT MG/L
0.00 NITROGFN TOT ORG N MG /L
0.00 NITHOGEM TOTKJD &S N MG/L
. DELETED PCH TOTAL (WATER) UG/L
0,01 PCM TOTAL (WaTER) UG/L
0,00 PERTHANE TOTAL UG /L
0.00 SAMPLE SOURLE CODE
. DELETED SILVEX TOTAL (4aTFR) UG/L
. DELETED SP, CONDICTANCE FLD
. DELETED TOXARPREME TOTUIUATER) LG/L
0.00 waTER TEYP (DEG C)
9.00 7INC TOTaL UG /L
0.00 2ya-N  TOTaL (4aTER) UG/L
. DELETED 2.6-DP TOTAL (WATER} UG/L
2+4695-T TOTAL (WATER) UG/L

EXHIBIT E-3
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CENTRAL LABGORATORY DENVER, COLORADOD

WATER BUALITY ANALYSIS
LAB D # 67506 SECORD 4 2957

THPLE LOCATION:D 'HO INFOAMATION [N THE STATION HEADER FILE.™

CATION IR 0673506 LAT.LONG.SEQ.: © NOME GIVEN @

£ OF COLLECTION: EBEGIN--780227 EMD-- TIHE--1505

TITE CODE: 06 COUMTY CODE: 055 PROJECT IDENTLIFICATION: 479300300
ATA TYPE: 2 SCURCE: OTHER GEOLNGIC UNIT:

QHMENTS

OASTS-LINCOLN ST ORAIMNI aTT ECCLES

LORTH TOTAL (WATER) UG/L 0.00 LINDAME TOTAL(WATER) UG/L 0.00

HLORDAME TOT(«aTb®) UG/L 0.0 MALATYHION TOT(WATER) UG/L 0.00
HLORPYRIFOS TOTAL  UG/L 0.00  MET PARTH TOT{WATER) UG/L 0.0¢C
DD TOTAL (WATER) UG/L 0.00 MET TRITH TOT{WATER) UG/L 0.00
NE TOTAL (WATER) UG/L 0.01 PCB TOTAL (WATER) UG/L 0.0
DT TOTAL (WATER) UG/L 0.00  PCH TOTAL (MATER) UG/L 0.0
TAZINGH TOT (WaTER) UG/L 0.00  PERTHANE TOTAL UG /L. 0.00
ICLORIN TOT (WATER) UG/L 0.00  PH FIELD 7.3
NOOSULF&H 1 TOTAL  UG/L 0.00  SAMPLE SOURCE CODE 49
NDRIMN TOTAL (WATER) UG/L 0.00 SILVEX TOTAL (WATER) UG/L 0:8¢&
TH PARTH TOT(WaTER) UG/L 0.00 SP. CONDUCTAHCE FLD 2800
TH TRITH TOT(WATER) UG/L 0.00 TOXAPHENE TOT(WATER) UG/L 0.0
THICON TOTAL (WATER) UG/L 0.00  WATER TEMP (DEG () 20.0
ERT LPOX TOT(WATER) UG/L 0.00  2:4~D TOTAL (WATER)} UG/L 0.06
TNACHLOR T.(WATER) UG/L 0.00 2+4~DP TOTAL (WAYER) UG/L 0.0¢C
21:445-T TOTAL (WATFR} .UG/L 0.0])

EXHIBIT E-4



ULt

SAMPLF LOCAT

[oNG D
S TION Tu: 313017

G¥5E 0OF COLLECTION:
STATE COLE:

DATA TYPE: 2 SQuUrCE :
COMpENTR:

AVE BN TILE O=2ATIN,
ALDRTIN TOTaL (MaTER)

CHLOHDANE TNT(«aTEW)
COPEER TOTAL

UL TNTayg, (MaTen)
DDE TOToL (vaTew)
DOT T10TaL (WATER)
DIAZINON TOT (weTEA)
WIFI NI TNT (WATER)
EMUCSULE AN 70TaL

ENNB A TOTAL (WaTER)
STrn PARTH TOT(%ATER)

T TRITH TOT(A4ATER)
TTmIOn TGTAL {(WaTeey

BT OEPOX TOT(waTER)
T ATECHLOR TotwaTeR)
SINOANE TOTAL (WATER)
TALATHION TOT (WATZR)

STATES DFPAmMT@EMT OF THE

INTERINR

GEOLDGICaL sUSvYFY
CENTRAL LAHUFRATOAT »

WaTER
LeR ID &

Qe LTy

D‘EI\J"J’EH 1

COLO=rADQ

ANALYSIS

J1aniF RELCOMD = 47K74

[INFOR“ATION IM

MEGIN-~T7T71031

A COUNTY ConeE: 037 PYoJECT

OTHES

LAT.LONG.SEQR, ! =
b -

ATT ECCLES,

UG/L
UG /L
UG/l <
uG/L
uGc/L
Ug/L.
DETR,
Us/L
UiG/L
UG/L
DETA.
NET?.
DETR,
UsG/L
Us/L
UG /L
DETR,

0.00
0.0
10
0,00
0.00
0.00
DELETED
0.02
9.060
n.01
DELETED
BELETCE
DELETED
0.00
D.00
D.00
DELETED

TIHE =~
[NDENTIFICATION:
GEOLOGIC ULUNIT:

HEHCURY TOTAL
MET PARTH TOT (WATER)

MET TRITH TOT{44TER)
NITHOGEN NH4 ASN TOT
NITROGEN TOT ORG N

NITFOGEN TOTKJD A% N
2CY TOTAL (WATER)
PCN TOTAL (HATES)
PERTHANE TOTaL
SaMFLE SOUHCE Conf
STLVEX TOTall (4ATFE®)
5P. COMNDUCTaMCE FLD
TOTAPHENT TOT(#4ATER)
WATER TEMP (NEG )
ZINC TOTAL

2+6-0  TOTAL («ATFR)
2y4-UP TOTAL (WATER)
23415-T TOTAL{wATER)

EXHIBIT E-5

TrE STATINN HEADER FILE,w
MOME GIVEN =

473300300

UG /L
DETw.
DETR.

MG/

MG /L

#G /L

UG/

UG/L

L /L

UG/L
UG/L
UcsL
uG/L

UG/
UG/L

n,l
QELET:
DELETE

n, i

d. D

N,
.0
.0
0.0
an
7.0
2250
0.0
5 e
14
0.0
0.0
a0



CEMTRAL LARCRATORY, DEMVER, CGLORADGC

WATER QUALITY AMALYSIS
Lad 1D # £7510 HECORD # 2945

SLE LOCATION: M0 [WFORMATION IN TrRE STATION HEADER FILE.!
ATION ID: D6TS10 LAT.LOMG.SEQ. ! @ NOME GIVEN <

T )GF COLLECTION! PEGIN--780227 END-- TIME~=1330

ATE CODE: 05 COUNTY CODE: 065 PROJECT IDENTIFICATION: 479300300
TA TYPE:D 2 _SOURCEl O7HeER GEOLOGTIC UNTT:

MMENTS

AVENUE &0 DRAIM: EST G = 120 GPM; ATT ECCLES

DRIN TOTAL (waTER) UG/L 0.00 LINDANE TOTAL(WATER) UG/L 0.00
LOEOANE TOT(wATEA) UG/L 0.0 MALATHION TOT(WATER) UG/L 0.00
LORPYRIFOS TOTAL UG/l 0.00 HET PARTH TOT(WATER) UG/L 0.00
D 70TAL (A7) UG/L 0.00 MET TRITH TOTI(WATER) UG/L 0.00
£ TOTAL (WaTER) UG/L 0.00 PCB TOTAL (WATER) UG/L 0.0
T TOGTAL (MaTERY UG/L 0.00 PCH TOTAL (MATER) UG/L 0.0
AZTHOM TOT (WATER) UG/L 6.00 PERTHANE TOTAL uG/L 0.00
ELDORIN TOT (WITER) UG/L 0.01  PH FIELD 7.6
IDOSULF &N I TOTAL UG sL 0.00 SAMPLE SOURCE CONE 40
DRIN TOTAL (WaTER) UG/L 0.00 SILVEX TOTAL {(wATER) UG/L 0.00
H OPARTH ToT (waTt=) UG/L 0.00 SP. COMDUCTANCE FLD 1660
HOTRITH TOT(waTER) UG/L .00 TOXAPHENE TOT (WATEZR) UG/L 0.0
MION TOTAL (WATER) UG/L 0.00 WATER TEMP (DEG C) 20.0
‘BT EPOX TOT(MATER) UG/L 0.00 2y4-0  T0TAL (WATER) UG/L 0.00
,?\ACHLOQ T.{(WaTER) UG/L 0.00 -2,4~DP TNTAL (YATER) LG/L 0.00
' 23495-T TOTALIWATER) UG/L .00
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OTrE=
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DEMVD M,

TUALTTY ANALYSIS

213015, RaCOPD &

LAT-LOI‘?G-GEO:: w

AVE S6 TILE Dmalh, aTT ECCLES.

ALDRILN

TOTAL {(«wa1C)
CHLQRDAME TOT(waTEA)
cCoppEn TOTAL

(waTER)
(WATER)
(vATER)

DOD TOTeL
ONE TOTAL
DOT TOTaL
PIa?Z[NDHN TOT (MaTbR)
DIELDRIN TOT (ealER)
ENUGSULF AM TOTAL
ENDR TN TOTAL (WATER)
ETH Perin TOTI(wATER)
ETM TOITH TOT(VoTER)
G LOH TOTAL (WATEA)
ST EROX TOT (WaTRR)
HFPTACHLOR T.(AATER)
LINDANE TOTAL (WATE-)
MALATHION TOT(waTER)

uG/L
Us/L
uG/sL <
UG/L
uGrsL
UG/l
DETAR.
LG /L
UG/L
UG/
NcTR.
HETH.
DET®.
UG/ L
UG/L
UG/l
DETR.

V.00
0.
10
0.G40
N.0n0
0.00
DELETED
0.0l
0.00
.00
UCLETED

LELETED -

NELETED
9.00
0.00
0.00

DELETED

END -~
037 PROJECT

47853

COLOrARY

GEOLOGIC UNIT:

MERCURY TOTAL
PAGTH

MET
HET
NITHOGEN

TOT(HATER)
TRITH TOT(wATER)
NeMa ASN TOY
MITHOGFN TOT

0uG N

MITHOGEN TOTKJD &5 N

PCH TOTAL
PCN TOTAL

PEMTHANE

(WAaTER)
(WJATTR)

TOTAL

SAHAPLE SOURCE CudL

SILVEX ToTal
CONDIICTAMCE FLD

SH.

(wATIF)

TOXAPRENFE TUT(#ATEW)

WATER TEP
ZINC TOT L
TOTAL
2.4-0P TOTAL
2,6.5-T TOTAL(WATER)
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(wATER)
(WATER)

IM‘?hE STATION HEANER FILE,M
MORE GIVERN
TIMFE~—

IDENTIFICATION: &79300300

UGrsL
NET=,
ETH,

MG /L

MG /L

MG AL

UG/L

uGrsl.

UG/

UG/L
UG /L
un/sL
uG/L

UG /L
WG/l



CENTRAL LABURATORY,) DENVER, {.OLORADO

WATER QUALTTY ANALYSIS
La3 ID # 67503 RECORD = 2651
weLE LOCATINM: "NO INFORMATION IN TRE STATION HEADER FILE.Y
TaTIOM ID: NETS03 LAT.LONG.SEQ.: » MONE GIVEN ©®
Lo OF COLLECTION: REGIN--780227 END-~ TIME=—1605
Th1E CODE: 06 COUNTY CODE: 065 PROJECT IDENTIFICATION: 479300300
ATA TYPE: 2 SOURCE:D OTHER GEOLOGIC UMIT:
OMMENTS ?
AVENUE 54 DP&IN; aTT ECCLES

LDRIN TOTAaL (WATER) UG/L 0.00 LINDANE TOTAL(#ATER) UG/L

- .

R

HLORDAMNE TOT(WATER)Y UG/L 0.0 MALATHION TOTI(WATER) UG/L
HLORPYRIFOS TOTAL UG/L 0.00 MET PARTH TOT(WATER) UG/L
D TOTAL (WATE=)Y UG/L 0.00 MET TRITH TOT(WATER} UG/L
IDE TOTaL (WwaTERY UG/L N.01 PCB TOTAL {WATER) WG/L
T TOTAL (WATER) UG/L .00 PCN TOTAL (WATER) UG/L
YIAZIMON TOT (MATER) UG/L 0.00 PERTHANE TOTAL UuG/L
YIELDORIN TOT (WATER) UG/L g.00 PH FIELD

‘NDOSULFAN T TOTAL  UG/L 0.00 SaMPLE SNOURCE CODE

'NDRIM TOTAaL (WATER) UG/L .00 SILVEX TOTAL (WATER) UG/L

TTH PARTH TAT(WATER) UG/L 0.00 SP. CONDUCTANCE FLD

TTH OTRITH TNT(4ATER) UG/L 0.00 TOXAPHENE TOTI{(WATER) UG/L

TTHION TOTAL (WATER) UG/L 0.00 WATER TEMO (DEG C)

'&QT EPOX TOT(WATEH)Y UG/L D.00 P.4-0D  TOTal (WATER) UG/L
PNTACHLOR T.(WATER) UG/L 0.00 Dyt~0DP TOTAL (wATER) UG/L

2y495-T TOTAL{(WATER) UG/L
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ORDINANCE HD 953

COACHELLA YALLEY COUNTY WATER DISTRILY

AN CORDINAMCE OF THE COACHELLA VALLEY COUNTY WATER
D1STRICT RELATING TO THE DELIVERY AND USC OF Dis-
TRICT WATER, PROVIDING FOR THE ESTABLISEMENT OF
RATE SCHEDULES FRCM TIME TO TIME, FOR BILLING AND
COLEECTING PURSUAHT TO SA{D RATE SCHEDULES, AHND
FOR OTHER PURPOSES

BE IT ORDAIHCD by the Board of Directors of the Ceacheila Valley County

Water District, as foliows;

SECTIOH 1 - [MITIAL APPLICATION FOR WATER

(2) Befere apy woter 1s delivered by the Bistrict, each landowner
must fill ocut, sign and file with the District an "Application for Water
by Landowner 't Fér cach parcel of land for which he desires water. This
application shall indicate the particular tand or lands owned by the
applicant which are to receive water and shall also designate the name or
names of those persons who will have authority subsequently to place water
orders under the application. The required application form may be procured
at the District office.

(b) Whenever the person or persons who are to have authority to
place water orders under an application are to be changed or whenever owner-
ship of a parcel of land is changed, 2 new application for water must be
filted out, signed and filed with the District.

{c) The landowner shall provide a right of way for access road to
meter and valves for operstional and maintenance purposes.,

(d) Water will be delivered enly through District approved service
connaect ions .

(e} There shail be installed by the landowner prior to any delivery,

an adequate overflow or constant head stand approved by the District.

SECTION 2 - DEPOSITS

In case of public lands under lease or lands held by desert-entry,

entryman recognized as such by the United States Bureau of Land Management,

EXHIBIT  E-9



ORDINANCE HO 958

COACHELLA VALLEY COUNTY WATER DISTRICT

an YApplication for Water by Other than landowner'' may bte received and may
be granted io the discrevtion of the Board, upon the precedent condition,
however, that & deposit shall be made with the Bistrict to guarantee all
tolls and charges; deposit shall be returned upon termination of water
service, less any amount then due and owing. The amount of depesit to be
made will be set by the Board at time of approval of application for water.

SECTION 3 - WATER ORDERS

{a) Atl water orders must be placed with the office of the Water

Department of the District during normai business hours. The District
- pssumes no responsibility for errors arising from orders which are not
submitted in writing.

{b) Water orders may be placed only by an authorized persca and
must include the folio@ing information:

i. Meter number

2. HName of landowner

3. HNeme of authorized person placing the order

. L. The quantity of water and the period of time during which said
order is to he effective.

(¢} ©On the day upon which the order is to be put into effect, the
zanjero will turn water on or of f or make changes at the time when he
passes the point of delivery on his regqular scheduled run for that day.

{d} Delivered water as ordered will run continuously day and night
until ordered off. Water orders will not be accepted for runs of less than
twenty-four {2h) hours, and must be in multiples of 24 hours. Requests
far canceliation which are placed after normal business hours on the day
preceding the day upon which an order is to become effective will be

received and honored only as an unscheduted change.

[

E-4-2




ORDINANCE NO. 958

COACHELLA VALLEY COUNT'Y WATER DISTRICY

(e} Where the demand for water exceeds the capacity of the facitities,
water shail be delivered in sequence to water users pursuant to orders
received at the maximum rate of flow avaiiablz er as much Lherao% as the
water user shall order. Twelve (12) days shal} be the maximum period of
time for a complete cycle durfng which all affected water users are served.
The amount of time allotted to each water uscer shall bear the same ratlo
as his acreage bears to the total acreage inmvolved, provided that the
shortest length of time for a given delivery shall be one {1) day. Should
atl of the water users involved in & rotation water schedule agree among
themselves to 2 schedule other than above and submit such schedule in
writing, the Board of Directors or the General Hanager may approve same
if it does mot conflict with existing rules and regulations,

{f) Where the demand for water exceeds- the available water supply
within the canal, water orders may be deltayed two days, however, all orders
will be honored within that pericd of time except those water users who
are on a rotation schedule, except under emergency conditions as determined

by the District

SECTION 4 - UNSCHEDULED GRDERS

In addition to the current water tolls, there shall be a special
service charge made for each unscheduled order, amount of charge be ng sat
forth in Rate Scheduleg as referred to in Section 5. Unscheduled arders
are generally defined as follows:

(2} When a turn-off or decrease order is placed with the Water
Department after normal business hours of the day preceding that in which
the order is to become effective and prior to the time the zanjero begins
his regular work on the lateral which the order sffects.

(b) When a turn-off or decrease order is placed with the office
of the Water Department after the zanjero has commenced work on the

lateral, or the order affects a iateral which has already been "'ser-up®



GRDINANCE HO, 958

COACHELLA VALLEY COUNTY WATER OISTRICT

{c) When a turn-on or increase order is placed after normal
business hours and prior to the time when the zanjero begins his daily
work, or has already commenced work on the lateral on which the delivery
is to be made.

Atl unscheduled orders are subject to the availability of water in
the lateral involved and the ability of the District's personne! to perform

the additianal work.

SECTICH § - RATE SCHEDULES

All charges for water furnished to s water user wi!l be made as set
forth in the Rate Schedules established from time to time by the Board of
Directors of the Loachella Valley County Water District. Copies of these

Rate Schedules are available for ipspection at the District office.

SECTION & - BILLING, DELINOUENCIES, TERMIMNATION & RENEWAL OF SERVICE

() During each calendar month the District shall maif a scatement
covering éharges for a1l water delivered during the preceding calendar month
which charges shall be due and payable immediately. IFf such charges are
not paid by the last day of the month in which biiled, two per cent (Z4)
penalty shatl be added to the amount of the bill and an additicnal! two

per cent (2%} shall be added for each month thereafter that the bill remains

unpaid. |f charges biiied are not paid by the 10th day of the month succeeding

the month in which billed, they shall become detinguept, following which

the District shall, without further notice, discontinue service until such
charges are paid in full. Whether of not the ststement cavering charges,

as in this Section provided, is actually delivered to the person responsibie
for the psayment thercof is not controliing, the amount of said charges

being due and owing to the District whather or not the statement therefor

is actually delivered.
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CROTHARCE HO. 958

COACHELLA VALLEY COUNTY WATER BISTRICT

(b) Any applicant whose spplication for water is filed pursuant
to Sections | and 2 of this Ordinance, which application is accepted
by the District and under which application water is furnished by the
District as provided herein, becomes liable for payment under the
appropriate rate schedule for all water or services so furnished by the
District, as provided herein, subsequent to the date stipulated on the
autE;riiation and until such time as the 2pplicant makes proper request
to the District to cancel the authorization. It is unéerstood that
the District delivers water through its works and meters and charges for
all water delivered through cach meter. |n the zvent that water service
is interrupted or discontinued by the District because of the failure of
the applicant or the water user to pay the charges therefor, said service
shall not be restored nor shall water again be delivered through the meter
or to the land jnvolved unless and until all charges which are delinquent
have been paid in full. Change in ownership of land shall in no way cause
a modification hereof, it being the intent and purpose of this provision
that once a deiinquency has occurred, no further water will be delivered
through the involved meter to the concernad land, even though ownerchip
of the land has changed, unless and until ail dellnquencies have been

paid in full.

SECTION 7 « USE OF RIGHTS OF WAY, PIPE LINES AHD STRUELTURES

According {o esasements granted by jandowners for construction of
Iasterals and turn~out structures on or across their property, the landowner
has the right to farm all land over District laterals; however, permission
is not granted to operate this land in any manner which might injure the
pipe lines therein. WNo fences or other chstructions should be constructed

which would interfere with normal operation and maintenance of main laterals.



DADINANCE NO. 958

COACHELLA VALLEY COUNTY WATER DISTRICT

This should not be construed as giving permission to farm, fence or make
instaliations of any kird on the right of way along the open canal which
might interfere with the travel of maintenance equipment along same,

The roads on the main canal are not public roads, but are to be used
orly for the operation and maintenance of the camal system.

Swimming in any of the water system facilities is strictly forbidden.

The structures and lines of the District system shall not be used
for the application of fertilizer or any other uses which might either
damage or interfere with the operation of the system. Open frrigetion

ditches or reservoirs are not to be canstructed on top of District pipe lines,

SECTION B - BENEFICIAL USE - WASTE OF MATER

{a) Water is ordered from the District with the express stipulation

> by the water user that water delivered wili be restricted to an amount
N which can be beneficially used within the confines of the property described
in the aspplication. Water will be delivered only to lands eligible to

receive and use District water.
. (b) The District will refuse or restrict water service to any

landowner or water user where wasting of water occurs.

SECTION 9 - COMPENSATIGH TO DISTRILT EHPLOYEES

Al1 inspectors, agents and employees of the Bistrict, while acting
as such, are strictly forbidden to demand or accept any perscnal compensa-

tion for services rendered to a water user of the District.

SECTION 10 - INTERFERENCE BY UMAUTHOR|ZED PERSONS

No water shall be delivered except through works controlled by the
District. MNo person shall molest, tamper or interfere with structures used

for the delivery of water,

E-a-b




ORDINANCE ND. 958

COACHELLA VALLEY COUNTY WATER DISTRICT

SECTION 11 -~ VIOLATION GF THE PROVISIONS OF THIS ORDIHANCE

Except as otherwise herein provided water service may be discontinued
without notice upon violation of any of the provisions of this Ordinance,
in which event service will be restored only upon aorder of the Board and

upon such conditions as the Board may determine.

SECTION {2 - REPEALS

Ordinances No. B60, 8BS, B6B, B&9, and 87!, as well as any other
Grdinances or parts of Urdinances in conflict with the provisions of this

rdinance, are hereby expressiy repealed.

SECTION 13 - EFFECTIVE DATE

This Ordinance shal!l becomz effective on the first day of July, 1964,

/s
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Prasident of the Board of Directors of
Said District

1

/

1, the undersigned secretary of the COACHELLA VALLEY COUNTY WAT:ER
DISTRICT, do hereby certify that the foregoing is a true and correct copy
of Ordinance Ko. 95B of said District, introduced and passed at meeting
of said Board held June 9, 1964, and that said Ordinsnce was passed by
the following vote:

Ayes: Five
Directors: Frost, Rummonds, Bromley, Leach, Kennedy
Noes: None
Absent: Nore

! further certify that said Ordinance was thereupon signed by the
president of the Bocard of Directors of said District,

I
I
it . rd
: A 7t 0,

Secretary of said District,

Attest:




MA



N

1"vlh'fu' y S <
-/)\ S q_?":‘ "\:/, AN

. R - e

- NQRBING T MOUNTAINS:
" e A A i |
-\r.\\ ) . . s L i
Tl ‘l s L\J H 1

BhPE FRPY 9»91:"“3

SALTON

— et sonnT

S

GISTATRY  BOUNTARY




ST GEATNORL AL
st LRGN KIT L
e IECLIY EACKIYE FAE LIT

‘L—-\——\é weArrkLE

CERVTT MMEEN WRILILE er Lordertt

TNENTRY R e, sure wme

: AIf mark (4N INSEATE CEPGINE
© 30 ZUTT TR MR

B

EAPUEiY n LU L PLE EEEEND
T ST ERbEn ENAIAEL
menamnnn Tl DEVRGT .1 pOUT R

bty ELTIASER EIRL
W .
T CeAP{RNHE EN/NREL

ELATHINS Yol 1) TOT] wany

L IREATIGY
B




"

* [[1153 es :
HOE A
sl 1
.mwmmm iEE 1%
nwnhm 5 3
s, e, [
~m._.m: A
LRty da2 |
Pigald d
.m.w.
il

Torieie
S e T T

r

o —————

TOLUT FHGILCT M0 RACAD Jwnd ma. lgep,

Gl grygusantd

)

3

Y
VLN
S

w4

T ———

a

i

. |
2,8

-

DX

B 2is

EIEFE

iE.

i1

had Tewd BGE B2 - P

‘ . @

L5

ST




£

APPENDIX A

BIBLIOGRAPHY



1X.

REFERENCES

(1)

(2)

(6)

(7)

(8}

Nordland, 0le J., ed. 1968. ''Coachella Valley's Golden Years - The
Early History of Coacheila Valley County Water District." Published
by the District.

Huberty, M.R., Pitlsbury, A.F., & Sokoloff, V.P. June 1348. ‘'Hydro-
logy Studies in Coachella Valley, California.' University of
California, Agricultural Experiment Station. Misc. publication.

Tyley, $.J. 1971, "“Analog Model Study of the Ground-Water Basin of
the Upper Ceoachella Valley, California.'' U.S§.D.1., Geological Survey.
Open file report, Menlo Park, CA,

Tyley, S.J., et. al, 1973. "Artificial Recharge in the Whitewater
River Area of Palm Springs, California.” Menio Park, Open file report.
U.S5.G.S.

Kocher, A.E. and Harper, W.G. 1927. "Soil Survey of the Coachella
Valley Area, California.' U.S.D.A., Field Operations of the Bureau
of Soils: 1923: 4fs-535,

Pillsbury, A.F. 1941, ‘''Observations of the Use of Irrigation Water
in Coachelia Valley, California.’t University of California, Agricul-
tural Experiment Station, Bul. 649,

Pillsbury, A.F. & Blaney, H.F. 1966. '"Salinity Problems and Manage~
ment in River Systems.' Journal of the Irrigation and Drainage
Division, Proc. of the Am. Soc. Civil Engineers, v. 92, no. IR1,
March 1966. Proc. paper 4733, pp. 77-90.

Pillsbury, A.F. 1966, "Quantity and Quality of Waste Waters from
Agricultural Tile Drainage Systems.' pp. 2L0-244 of “Agricultural
Waste Waters'', University of California, Water Resources (Center,

Report No. 10,

Pillsbury, A.F. 1969. '"Proceedings of Water Quality Management
Symposium.'t University of California, Water Resources ({enter",
Report No. 16

Holbert, M.B. 1977. ''The 1973 Agreement on Colorado River Salinity
Between United States and Mexico.' |In Proceedings of National
Conference on Irrigation Return Flow Quality Management. Sponsored
by the U.S. Environmental Protection Agency and Colorado State
University, 16-19 May 1977, pp. 325-333.

Ammon., 'Aprit 1974. "'Salton Sea Project, €California. U.5. Dept.
of the Interior and The Resources Agency of California cooperating.

Kirkham, D. & Powers, W.L. 1972. "Advanced Soil Physics', Wiley~
Interscience, NYC.




iX, REFERENCES (continued)

(13) Christiansen, J.E., 184h. "Effect of Entrapped Air Upon the Perme-
ability of Soils." Soil Science 58: 355-365,

(14) Pillsbury, A.F. & Appleman, David. 1945. 'Factors in Permeability
Changes of Sails and Inert Granular Material." Soil Science 59:
115-123.

{15) Shapiro, Joseph. 1373. "Blue-Green Algae: Why they become Dominant.'
Science: 179: 382-384,

{16) Johnston, W.R., et. al., 1967. ‘‘insecticides in Tile Drainage Effluent."
Water Resources Research, v. 3, n.\z, pp. 525-K37.

(17 Pitlsbury, A.F. & Christiansen, J.E. 1957. "Installing Ground-Water
Pieczometers by Jetting for Drainage Investigations." Agricultural

Engineering, 28:  409-4t0.

{18} PReger, J.S., et. al. 1950. "Techniques for Drainage lInvestigations
in Coachella Valley, California.'" Agricultural Engineering 31: 559-564.

{(19) Johnston, W.R., et. al. 1865. !"Tile Drainage Performance Compared
to Theoretical Predictions." Trans. ASAE, 8: 548-555,

(20) Pillsbury, A.F., et. al. 1960. 'Wetting Expansion of Draintile and
Its Effects on Water Entry." Transactions of ASAE, 3: 88-89.

(21) Pillsbury, A.F. 1967. 'Observations of Tile Drainage Performance."
Jour. of Irrigation and Drainage Div.;, Proc. of Amer, Soc. of Civil
Engrs. 93: 1IR3, pp. 233-24t1.

(22) Pillsbury, A.F., et. al. 1965. '"Tile Drainage Performance, Coachella
Valley, California." Jour. aof lrrigation and Drainage Div., Proc. of
Amer. Soc. of Civil Engineers, 91: [IR2: ]-10. ‘

(23) Reeve, R.C., et. al. 1955, ‘''Reclamation of a Saline and High Boron
Soil in the (Coachella Valiey of (alifornia.'"' University of California,
Agricultural Experiment Station, Berkeley, Hilgarden v. 24, n. &,

pp. 639-91.

{24) Huberty, M.R. & Pillsbury, A.F, 1950, 'Reclamation of Saline Soils
in Coachella Valley, Calif., U.S.A.Y Transactions of the lnternational
Congress of Seil Science, Amsterdam, 1950. Vol. 1: 383-385.

(25) Bower, C.A., et. al., 1969. "Salt and Water Balance, Coachella Valley,
Celifornia.” Jour. of Irrigation and Drainage Div., Proc: of Amer.
Soc. of Civil Engineers, 9i: {R2: [I-l0.

(26) Doneen, L.D. 1959. '"Evaluating the Quality of irrigation Waters."
Calif. State Dept. of Water Resources, Sacramento, CA. Bull. 75,
v. Il pp. 11-33.

Ah



-

(27)

(28)

(239)

(30)

(31)

(32)

(33)

(35)

(36)

REFERENCES {(continued)

Oertli, J.J. and Bradford, G.R. 1973. ‘Contributions to Water
Pollution Trom Agricultural and Urban Sources in the Coachella
Valley.'" California Agriculture. July, pp. 4-6.

Esvelt, L.A., Kaufman, W.J. & Selleck, R.E. 1971. '"Toxicity Removal
from Municipal Wastewaters.!" Sanitary Engineering Research Labora-

tory, College of Engineerina and School of Public Health, University
of California, Berkeley. SERL Report No. 71-7.

Task Force. 27 Dct. 1976. "Agricultural Preservation Task Force
Report.'' Report to Board of Supervisors, County of Orange, Calif.

Pillabury, A.F, & Johnston, W.R. 1965. "Tile Drainage in the San
Joaquin Valley of California.” University of California, Water
Resources Center. Contribution No. 97.

Hauser, W.J., et. al. 1977. ''‘Biological Control of Aqustic Weeds
by Fish in Irrigation Channels.'" Proc, of lIrrigation and Drajnage

bDiv., Specialty Conference, Amer. Soc. of Civil Engineers. pp. 139-145.

Annon. May 1371. '"Mutrients from Tile Drainage Systems." Environ-
mental Protection Agency and (alifornia Department of Water Resources
cooperating. Water Pollution Control Research Series. No. 13030
ELY 05/71-3 DWR No. 174-6.

Annon, May 1371. 'Removal of Nitrogen from Tile Drainage - A Summary
Report.' Envirgnmental Protection Agency and California Department
of Water Resources cooperating, No. 13030 ELY 5/71-6, REC-R2-71-6,
DWR No. 174-9,

Annon,, June 1971. "Techniques to Reduce Nitrogen in Drainage Effluent
During Transport.’' Environmental Protection Agency and U.S. Bureau
of Reclamation cooperating. Water Pollution Control Research Series.

No. 13030 ELY 6/71-10, REC~R2-71-10. DWR No. 174-13.

Annon., Aug. 1971. ''The Effects of Agricultural Waste Water Treatment
on Algal Bioassay Response. Environmental Protection Agency, Water
Pollution Control Research Series, No. 13030 ELY 08/71-9, REC-R2-71-9,
DUR HNo. 174-12.

Annon., June 1972. 'Possibility of Reducing Nitrogen in Prainage
Water by On Farm Practices.' Environmental Protection Agency and
U.S. Bureau of Reclamation cooperating. Water Pollution Cantrol
Research Series, No. 13030 ELY 5-72-11, REC-F2-72-11, DWR No. 174-14.

Annon., Dec. 1974. "Status of San Joaquin Valley Drainage Problems."
California Department of Water Resources, Bull. 127-74,

Cardon, Doyle, et. al. May 1976. ''Removal of Nitrate from Agricultural
Tile Drainage by a Symbolic Process.'" Bio~Engineering Aspects of
Agricultural Orainage - San Joaquin Valley, Calif. USBR Report No.
REC-RZ2-76-15, DWR bui. no. 174-18,

Ao h



(39)

(40)

(43)

(&4)

(45)

(46)
(47)
(48)
(49)

(50)
(51)

(52)

(53)

REFERENCES (continued)

Baker, J.L. & Johnson, H.P. Déc. 1876. '"Impact of Subsurface
Orainage on Water Quality." Am. Soc. Agric. Engrs., 3rd National
Prainage Symposium, pp. 91-98.

Letey, John, et. al. Dec. 1977. "Nitrate-Nitrogen in Effluent from
Agricultural Tile Drains in Californig,! Univ. of CLalif., Agricultural

Experiment Station, Hilgardia: v. k5, n. 9] pp. 289-179.

Wadleigh, C.H., ed. 197i. "A primer on Agricultural Pollution, !
Soil Conservation Society of America, reprinted from Journal of Sojl]
and \later Conservation, v. 26, n. 2, pp. 44-65,

Pillsbury, A.F. 1968, “"Sprinkler Irrigation." Food and Agriculture
Organizatigﬂ of the United Nations, FAC Agricultural Development
Faper Mo. 88.

Brewer, Wm. H. 1930. "Up and Down California in 1860-64." Yale
University Press (reprinted by offset for the University of California
Press, Berkeley and Los Angeles, 1949,) See pages 24]1-253,

Tompkins, W.A. 1966. 'Goleta, the Good Land.'" Goleta Amcets Post
No. 55, Goleta, CA.

Verbal report by a Corps of Engineers representative at a public
hearing called by the Corps in Riverside, CA soon after the Floods
of fFebruary-March 1938.

Cory, H.T. 1913, "lrrigation and River Control in the Colorado River
Delta.' Trans. Am. Soc. Civil Engineers, 76: 1204-157].

Reating, K.1. 1978. '"Blue-Green Algal Inhibition of Diatom Growth:
Transition from Mesotrophic to Eutrophic Community Structure."
Science 199: 971-973.

Colorado River Board reports.

fndio's Economic Base, January 9, 1378. Lurd and LeBlanc Report to
City of Indio.

City of Indio, Planning Department.

Colorado River Basin Salinity 5Entr01 Forum, 1975, Salinity Standards
and Plan of Implementation for Colorado River Basin.

Rickert, D.A. & Hines, W.G., 1978. 'River Quatity Assessment.
Implications of a Prototype Project.'" Science Vol. 200, N. 4346,
P. 1113,

Phillip E. Custer, F. D. Halvorsen, Jim Malone, and Cesar Vou
Chong, Sept.-Oct., 1978, Vol. 3, No. 5 Fisheries: "The White Amur
as a Biological Control agent of Aquatic Weeds in the Panama

Canal."



(54)

(56)

REFERCHCES (Continued)

Transactions of the American Fisheries Society, Vol. 107, No. i,
January, 1978, various articles, including "Distribution and
Status of the Grass Carp (Ctendpharyngodon idella) in Missouri
Streams' by William L. Pflieger, Fish and Wildljfe Research
Center, Columbia, Mo.

William M. Bailey and Randy L. Boyd, Arkansas Game and Fish
Commission, "Report on Spawning and Rearing of Grass Carp
(Ctenopharyngoden idelta) in Arkansas." Presented 24th Annual
Conference, Southeastern Association of Game and Fish
Commissioners, Atlanta, Ga. 1870,

William M. Bailey and Randy L. Boyd, Fishery Biologists,
Arkansas Game and Fish Commission, various repaorts and
observations on White Amur, 1972 and 1977 tour with William
T. Haller, University of Florida to Southeast Asia, and 1973
report Lo American Fisheries Society Vol. 102, No. 1, January
1973 by Walter R. Courtenay, Jr., and £. Richard Robins,
Florida biologists.

A-6





